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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. Advautages and disadvantages of simulation are
discussed and potential application of management simulation 1s shown.

An analysis of simulaticn design philosophy and‘design ohjectives
is presented for a simulation at the first-line supervisor level for a R
hypothetical engineering vrganization. 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 adiition, there is a discussion vegarding
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 anyone 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
rvesearch 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 can the development of managers
from tecinical personnel be improved. In order to solve this problem,
or more appropriately in this instance, realfze 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 pro;ram and then
comparing it to existing programs. This comparison reveals gaps between
the comprehensive and existing programs which must be closed if the
existing program 1s to be improved.

The next step in the problem solving process 1s 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 can be tested to determine if it does, in
fact, represent a vealization of the opportunity. 1f testing the
tentative solution reveals positive results that indicate that the
tentative solution will achieve the opportunity, then wmeans to luplement
the solution should be identified.

This papey is organized to follow the above problem solving approach
in the sequence described. Chapter 1 defines a comprehensive wmanagement
developuent program, describes the existing management development
programs, compares the two, and tdentifies the potential oppertunities
for improving the existing progvam. This analysis concludes with the
ldentification of alternative weans of achieving an Amproved program.

Chapter 1 also discusses nsnagement simulation {n comparison tu the
other alternatives luentified, and basud on the criteria presenied 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 wanagement wimulation
applicable to medium sized enpincering organizatious. Testing of the
rentative solution represented by the unique simulation is described in
Chapter 110 and consisted of voluntzer, play-testing with response by
quest fonnaire and also multi-run testing to develop average scores for
the different scenavios ol tne simulation,




In 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 environwment, the
essential elements of management of the workload of a technical group.




CHAPTER 1

MANAGEMENT DEVELOPMENT
OF TECHNICAL PERSONNEL

Comprehensive Progpram

Program Required

A comprehensive program tor management development has been det ined
by J. P, Hope in the paper, Management of Research and EBugineering:
Selected Topies[7]. This progrem has been delined specifically for
develeoping engineers and sclentists tor manapement of tectmical organiza-
tions and vecopnizes the requivements and needs of techulcal persounnel
n making the transition trom engineering to techuical management, The
rationale and background research for detining the specifivd comprehen-
afve program {s discussed ln detall in the veference and also {n another
pupur. Manapement Slmulation: A Way To lmprove Manapoment Development

At AR LA

C[8]. “This Tattonale and vesearvch will not be discussed here,
huhuv;,. the final conclusion vegarding the vecomsended comprehensive
program will bo suumarized.

Ly sumsar fzluy the comprehensive managemont development program, it
may be sald that atter recegnizlng the need for techufcal personael in
technteal manapement, @ senzitive and vational approach should be taken
to develop these personnel tov mandpement.  Candiditven tor the mnape-
went development program should be selected on the bants of those mont
suited for the mauagerial positifon, which may or may not include thoue
who ate the best tochndeal pevsomnel fn thedy arcas.

The development program must be desfgned to addrens the unique
problems ot technical persomned fn relation to the demands of the
wmanaper fal process. Farther, the propram should consist ot three
phases:  an ovientation phase, o tortal courne phase, and an ow-the=job
develapment phase,




The orientation phase should highlight the difficulties ot the
transition {rowm technical fields to management and should prepare the
potential manager for the tollowing phases. The tformal course phase
should use both general and special courses, in a complementary manner,
and utilize unigue resources available to the organization in developing
course content.  The emphasis in these phases is on development prior to
promotion, During the on-the-Jjob development phase of the program, the
wmethod of personal coaching by the new manager’s superfor and objectives-
oriented development should be used in a complementary manner.

After detining the comprehensive program, the next step in the
analysis is detinition of available development programs,

Programs Available

In general, there are good wmanagement development matervials avail-
able within each of the program phases ldentitied above, especially fun
tie peneral course element of the tovmal course phase. However, theve
ave also aveas of potential improvement, particularly in the orientation
phase and speclal course element of the formal course phase.

drientation
Genevally, therve ave few, {f any, established developwents materials
that meet all of the needs of the orientation phaze as defined in
vefevence(7],  Thore are excellent management shovt courses available
trow unfversitive and some srafesgionn! socfeties that (11l wost of the
vequivemants of this phase. One area that weeds fuvther stvengthening
ta to provide a weans tov the person to actively participate in a
winagement envivonment as opposed to ondy belng exposed to management
concepts through traditional development wmethods such an lectuves and
wtudy ot text material.

Brief case studies and eapectally stonlation nre twe wetiwds for
exponing potential managers to the new and di{terent onvivonment of
management betove ontering @ long aud exponsive (in tevms of actual
conts apd aluo dn terws of pernonal tine expended) managenent develop-
went propgram. I, after che ovientatfon plinae, the person desives to
putsue the development propram, he next entevs the tormal course phase.

Formal Development

Twe means ol formael development weve tdentttted in the comprehensive
program, which ave:  generval courses on the subject ot management amd
specitiic courses devised tor the srganfzation that relate coneeptn ot
watagement to the envivonment ot the ovganization. o the aved ot




general courses, excellent management development programs are available,
such as the Master of Engineering Administration program at George
Washington University, “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, Extensive avallability of courses in the general area
permits management candidates to formulate a program that will fulfill
the peneral course portion of the formal development phase defined for
the comprehensive management development program. The extensive availa-
bility of general courses contrasts sharply with the lack of management
development courses which apply basic wmanapement concepts to the specific
enviroument of many engineering organizations, particularly at the first
line manager level,

There are few courses or development wmethods which relate concepts
of planning, organizing, leading, and countrelling to the coutext of
specific orpanfzations. une of the primary tfunctions of the Uirst line
manager of engineering organizations is planning and control ot the
workload of his group. There are few formal development methods which
velate planning and control te such tasking and administrative documents
as way be utilized in the organization. 1n addition, there ave often
procedures to be followed {n one's organization that can affect the form
ot the group leader's plamning and control functions, which are not
treated in formal course waterials.

Usually, the group leader must apply the backgreund of intormation
he has obtained (rom general courses to the existing envivonment through
on=the-job experlence without benetic of formal Jdevelopment methods,

The comprehensive program includes development wethods with a specitic
vtleatation toward planning and centvolling workload which would be
applied during the formal course phase.  This, then, s clearly an avea
tor {wprovement in the management developwent program,

Sumnary

tn compaving the management drvelopment program that exists against
the propoesed comprehonaive program, two areas ol peteatial lamprovemeat
have been tdentitied,  These aveas are tn the fermal development phaze
and the erientation phase.  lu the formal developuent phare, it was
townd that avallable general couvses, such as these otfered by local
undversities, fultilled the management devolopment need fov that categery,
however, {t was tound that there {8 a real need for apecialized tormal
courses that relate the concepts of managoment to the working envivonment
of specltic organfsationd.  Thiz aeed {8 partdfcularly acute for lower
level managers, whose dutics are sometimes delegated to operating level
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personnel as a result of personnel shortages, and for those operating
level persomnel who perform some management duties, The next step in
the analysis is to create opportunities to eliminate these gaps in tche
existing wanagement development program.

Opportunity for Improvement

Having recognized the need for improving the management 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 developuent program, Thus, it would be appropriate to develop
course material that would address the stated need. The question is
now, what Puri should this course materifal take? Several alternative
course formats are available which include lecture and text material,
case studies, and also managemeut 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 enviromment and if
uged during the orientation phase, can show him a simulated view of what
management involves without vequiring him to make the tvansition to a
management position. This experlence 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 chaptevs will focus on the development of a manage-
ment slmulation adapted to the envivonment of a technical group leader
(first line supervisor), Beforve discussing the design of such a simula-
tion, the topic of management simulation in comparison te other develop-
ment methods will be discussed in the {ollowing section.

Management Simulation

Expavience and Alternatives

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




today's dynamic management enviroument 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 wll be discussed in greater depth in Chapter 11. Moreover,
the technical person generally achieves his objectives through things,
whereas the manager generally achieves his objectives through people.
The outlook and experience pained in these two modes of achieving
objectives ic very different, and the exper wmce ot the technical person
may need augmentation before he is able tc ssume the role of a managerv.
How, then, can the aspiring manager overcome the inertia of previous
experience when faced with the new demands of management?

One obvious way of providing experfence {s simply to place the
person In the position and allow him to learn on the job, However, as
pointed vut {n the previous section, a formal development phase should
precede the on-the-job development jhase, which leads to the alternative
development method identified at the end of the previous section., Of
the methods identified, management simulation has the potential to cast
the person belug developed into a sanagemenc vole and give him experience
fn a simulated envivonmeat,

As stated by Graham and wvay, "With the fncreasing general vecogni-
tion ot the impovtance of the management profession has come insistence
on better and shovter methods of acquiring management expervience - at
least vicaviously'", Moreever, business pames (orv simulations) ave
identified as a way to acuieve this expevience. (6] Befure discussing
vavioun agpects of management sfwalation in comparison to other develop-
ment wethods, {t would be useful to define management simulation as the
tevm s used herein,

Detinitions

The term "pame" has been used to denote a M, ., form of simulation
in which human betngs make decdsfons at various atages , . J"{12]),
Gaming haws been detinad as ¥, . . the uge of 4 game model te permit
plavers to make decisions and vbgevve the behavior of a model awv a
vesult ot thedr action"{12). Gaming is distinguizhed {vom opevational
guming which has been defined as the use of games . . . to detevmine
optimal solutions tor strategien and to detevmine optimal structures fov

systems" (12},

However, the tevm “pame” has the comotatfon of a development
methed constructed in a multi-player interactive tormat. As will be
seen {n subsequent chaptety, a solitaive simulation has been developed
to be used in a program of management development, and the solitafre
nature of the simulation that has been developed {s at vaviance with the
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connotation usually associated with the term "game”. Therefore, the
term "management simula.ion'" 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 verm "game” is avoided, in demoting 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 1s a living case. The
student is put in a situation with a variety of problems 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 cther
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.

Deslgn Considerations

An extensive comparison among management development wethods has
been made by J. P. Hope in the paper, Mapagement Simulation: A Way To
lmprove Management Dovelopment At NAVSEC. That discussion will only be
summarized here in the context oi 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 designer is to
develop a deuign that takes advantage of the strengths of simulation
while minimizing the effects of weaknesses as these strengths and
voaknesses compare to other wanagemont development methods sueh as
loctures and case studies,

In order to achieve a simulation that will vealize the strengths of
simulation mechods, it is necessary to devolop the simulation design
with cavuful considoration of several factors. Student iuvolvement is a
primary strength of simulations, and the designer must ensure that the
simulation will present a situation that will induce student involvement.
As stated by McKemney, “. . . involvement is largely depondent on the
prompt feadback on the siudent's decision muking. To suke this invelve-
ment a4 continuous challenge, the student mansger and his cowpetitors
should strougly influence the wnvironment”{11l]. MeKenney alse recowmends
that games “. . . {nclude uncortain events, elements of risk, and a
complex nayoff problem™{Ll1]. Clark abt foels that games stould . . .
encourage tmuginative freedom to experiment with alternative solutions,
while at the sawe vtiwe offoring a realistic set of coustraints on less




practical responses to problems"{l]. Ancther factor that can be impor-
tant in the design of a management simulation 1s 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 enviroument of that positiou.

The designer should then focus on developing a wodel of the first
line supervisor's decision making process, The simulation di-«,n should
focus on the declsion making process, because it is through making
simulated decisions and recelving prempt feedback that the player's
involvement will be enhanced, Also, in accordance with the guides
presented above, elements of risk and uncertainty should be bullt into
the wodel which will be the key to developing technical persounel for
managewment. Technical decisions are often mude with a basls on certainty
afforded by the application of natural physical laws, whereas in manage-
ment, theve is a greater proportion of decision muking under conditions
of risk and uncertainty, The lssues involved in certainty, visk, and
uncortafuty lu decision making s discussed in greater depth in Chaptev 11,

1n ovder for the simulation to be an futeresting challenge, the
player should be able to try altevnative strategles. I one stratepy
faily, he should be able to formulate a new strategy and experiment with
it,  1F the simulation is propurly dosigned, alternative strvategles will
be avatlable for the player to oxperfment with fu waking his simulated
decisfonn,

Lt the designer cavefully considers these design factovs fn relation
to the strengths and weaknesses of simulation, he should be able to
develop a simulation that can achiove a spocified management dovelopment
objeetive,

Summty

tn sunmary, ft may be stated that simulation has uniyue charac~
teristics that make £t attrvactive for napagement developmount, howovey it
{8 to be owphasized that any one mothod of management development should
wot be utilized to the exciusfon of other methods, Graham und Gray
pofat out that games should be used for teaciiing things that can be
handled by simulation methods while other methods should be used whove
adnulation fs not as appropriate{6]. In discussing the Cavnegle lnstitute
of Technology business game, it is stated, “lt soews that in choosing




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"{3]).

in view of the unique gtrengths of management simulation as a
development method in comparison to other methods, simulation ls 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 gimulation would be used as a special course in the
formal development phase and would be part of a larger program of
general courses including cage studies, lecture, and text materials.
The larger program would include a vaviety of development methods and
spurces, including university courses as well as courses offered in-
house within the englneering organization.

The problem now becomes one of taking the tentative solution
vepresented by management simulation and developing a simulation that
has the poteatial to achieve a management development objective. This
topic is the subject of Chapter 11.

10
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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 achleve 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 ceutral importance to the
form of the final simulation, First, the simulation is to be completely
manual, i.e., no computer assistence is required, and second, an indi-
vidual is to be able to play the asimulation by himself during fcee time
and without the services of a gume administrator.

The councept of a manual simulation is considerved essential as a
cost reducing factor. Computer simulations allow a more complex model
to be used, but significant costs ave fncurrved through use of computer
time and auxiliary persounel required to administer the simulation-
computer interface, If a method of management development is too
oxpensive, Lt will wot be used regardless of {ts merita. Under currxent
budgetary constraints, f{t is considered cssential that this simulation
be in & manual format to minimize cost and thereby ensure maximum
utilization, A second drawback to the use of computer simulation is
that the pocrential exists for interrupting the development effort
through mechanical breakdown, delay by priovity programs, and other
similar occurrvences., Thevefore, o munual simulation is considered move
appropriate for the intended purpose, assuming that an appropriate
mshual model can be devoloped.

11
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In keeping with the philosophy of self~development referenced in
Chapter 1 above, a design objective has been established that requires
the simulation to be in a format that permits an individual to use it
without outslde u.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 reasou for this sel{-play design objective is, like the manual
simulation objective, primarily one of cost reduction, 1f the indi-
vidual is wmotivated 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 reduciug
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 wmeans to use his free time for development,
it will be possible to identify those potential mavnagement candidates
who ave truly interested in ifucreasing their knowledge of the management

field.

Atter establishing these multiple objectives, 1t is now necessary
to formulate o general concept of a simulation model that will achieve

these objectlives,

Guneral Congapt

The primavy purpose wavisfoned for this sfuulation in to expose, in
a new way, students of wanagement to the {ssues nvelved o wanagiug the
workload of a technical group. The pevspective of an operating level,
technieal person fn very ditfevent from that of the technieal proup
leador (f{vst line supervisor), By plaving this simulation, the oporu~
ting level person can be glven an fuslpht into the povspective of a
proup leader without the probloms of placing the Inexperienced or
unqualitiod fu a veal-iifo position as 4 wmanager of other parsomel.

The  simulation ewphasizes plamnfuy and control Dunctions, not
necessarily because these ave voustdered to be wore important than vthey
tunctions of management, such as ovgandizing or leading, but because
planning and contrel can be ol fectively nodeled by simulatfon methods
while other functions ave vonsidered to be wore veadily ntudied by other

wethods.
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When one is playing the simulation, he is taking the position of a
technical group leader and he seeks to assign tasks to als subordinates
in such a way as to maximize the performance of the group. The emphasis
is placed on the management of Short Term Engineering Tasks because in
the hypothetical organization, the group leader is assumed to have wore
direct management responsibility for Short Term Engineering Tasks than
tor other types of work such as major projects which are assumed to be
planned, organized, directed, and controlled from higher levels in the
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 Engingering Task system.

The simulation model that is to be developed is an abstraction of
real life as it necessarily must be. If the simulation wodel is too
complex In an attempt to duplicate reality, it will lose its effec-
tiveness as a development tool because players may become overvhelmed by
the complexity of the model, In addition, the cost in terms of manhours
required to perform and administer the simulation could well exceed the
cost of on-the-job traiuing {n which a weasure of productivity would be
achieved that cannot be attained when playing the simulation. Further-
more, to achieve the desipn objective of Individual play, the model must
be of sufficiently low complexity and formulated fn such a way that the
individual player will be sell-motivated to play {it.

On the other hand, iU the model {8 oo abstract and oversimplitied,
Lt will not contalu the essence obf reality that iy necessary tor the
sinulation to be used to achieve a management development objeetive,
Therefore, the simulation model must be developed to achieve a balance
between duplicating veality fun fts total complexity and capturing the
varential elementr of voulity for development purposes.

ln addition, the simulation medel is to be developed npecitically
as a management development tool and not as a sfmulation for investi-
pating and optimizing the process of workload managewment. 1§ the
purpose of the model were to optimize workload managemont throuph the
une of quant ftative sfmulation technfques, then a more complex wmodel
would be esasential,  The wore abstvact wodel to bo utilized Yor this
simulation will {lluntvate {mportant clemeats and fnteyvelationships in
the mnagement of technteal group workload without bedng too complex tor
the student to ntudy 1t through itndividual playing. 1t ix, however,
ecunentinl that the koy elementn of managerial wovrk that the proup loader
perviorms in munaging workioad be included fn the siwulation,

L wanaging the workload ot a group, the proup leader {x taced with
mak iy declsfons concerndnyg the allocation of his resources, (e,
pevple and time, to the work tnvalved in achieving objectives, foeo, due
dates for Short Term Englneering Task and work contributed to larpe
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projects., His primary considerations are decisiont 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 ifllustration 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 wodeled to take an eight week slice of
the total environment of the group leader to specifically illustrate the
short term planning process which 1s of great importance in the group
leader position in the postulated engineering organization.

As discussed by Newman, Summer, and Warren, “Leading [or directing
as identified above] is Lmpossible without communication between
persons'{13]). As one of the design objectives discussed above, the
intent of the sfmulation is to provide a developwment tool that can be
studled by the individual through solitary play, thus this simulation ia
lucompatible with a necessary condition of the leading processa. Moreover,
the principal issues and concepts of leading are not easily modeled in
simulacion 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 bo developed by being in a leadership
position in which the manager can exervcise the concepts of leadership,
such as those idontified by Newman, Summer, and Warrven of “..,.personally
and actively working with his subordinates in ovder; (1) to guide and
wotivate thelr behavior to it plans and Jobs that have beon estab~
llahed, and (2) understand the feollings of his subordinates and the
problems they luce as they tvanslate plans fnte completed action"{13]).
Pevsonally ond actively working with subovdinates in leading can only be
pertormed dn an ovganizational sftuation or an vlabovate wmulti-person
artdfical setting which fu not within the scope of the objuectives
vutablished for this siwmulation,

Furthermore, oven {n the organizationnl situation, time in vaquived
to davelop an offective supervisvr-subordinate relationship which tends
to raduce the uselulnesy of slmulation tor developing this aspect of
monagorial «sk41[13),  Therefore, the process of leadership will not be
explicitly built into thin simulation wodel although vesulta of leader
behavior nuch as subvvdinate povsonnoel capability ave lmplicitly
cousidered,

fn addition, the process ot ovpanizing will not be explicity
vonsidered In this slaulation,  The proup leader otten has little luput
fnto vrganfzatfonal conafderntions as velated to wanaging group workloud.
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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 wmodel to planning and
controlling, it is now necessary to discuss the nature of decislons 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 assumed that he is making a decision under conditions of
uncertainty, becuuse he does not kuow 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, moedeling uncertainty can be difficule
bucause creation of events must be abstracted into the model. One way
to create the ovcurvence of wvents is through probability wethods in
which genevation of a random number falllnpy within a vange of possible
numbory triggers the event, Howaver, 1 the player knows the range that
will trigger the uvent and all the possible numberas, he will be ablu to
dotovmine the probabllity of occurrence of an event which will change
the decizion situation from oune under uncertainty to one under risk,
1f the simulation 18 to achleve the sell-play design objective discussud
above, thess ranges of trigger pofnts must be known to the player.
Furthermove, the selt-play desipn objective will permit the player to
know {n advance the total workload that he may be requived to periorw
over the duration of the simulation althiough he way not know the sequence
in which tasks will arvive,
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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 under conditions of risk,
convenlent methods Jor triggering events through generating random
numbers will be available for design of the 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. 1f this exawination reveals that assuming
visk 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 veliability the amount of effort his group must perform to
weet orpanization objectives associated with large projects, Projects
are planned throughout the managerial hilevarchy well in advance of the
actual work. Generally, theve is little deviation from the averall plan
once work has started and, in fact, in terms of the simulation being
developed, project workload could be reasonably wodeled under conditions
o9f cortaluty, As an exawple, each ship design at the Naval Ship
B dueering Center wies the same set of standavd tasks for each =ection
(techmical group), and the process ol developing the project budget
usually vesults fn a  comprehensive statement of the scope ol work
required to complete the tasks for a particulav ship design,  Schedules
ave also developed along with the budget and as a vesult of this project
planning process, the section head (technlcal group loader) will have a
reliable indication of the effort required to support the project for wp
to a year in advance, With this information, the section head can otten
asaign personuel to the project under conditions that approach cevtainty,

Evaluating personnel capability and incovporating this consfdeva-
tion fnto the technical group leader's planning process ulso approaches
a decision condition of certafnty because of the long term nature of
the projoet, While it {s exceodingly ditficule to lovecast an indi-
vidualls performance on one spucifie day dn the future, technical group
loaders should be uble to assess, in a goneval way, the perforvmance of o
purson over a period of wonths, A backpround of knowledge of past
performance providus the group leader with data for forvecasting tutuve
long term performance, Such forecasts are certalnly of o vevy crude and
gonaral nature, bLut can be asccurate for assignment of pevsomwl to
projoct work. Thus, 1t is considered a rousonable ansumption to model
povsonnel capability on project work under conditious of cevtainty,
i.0., the group leadev knows the capability of vach individual for louy
term per{ormance on the projuect.
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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 appearaunce 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 a4 group may be required to perform to support their customers.
Woile this forecast may be of a rough nature, it could be assumed to be
reliable for developing workload and manning estimates for up to a year
in the future, Therefore, 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 the total period of play of the
simulation.

The group leader generally has no way of determining in advance
the priority, timing, or magnitude of specific tasks. This aspect of
the group leader's euvironment can be readily modeled to simulate these
uncertain conditions, IFirst, individual tasks can be prescribed which
provides the urgency and magnitude of the task., A set of tasks can be
developed with a distvibution of priovities typical of that to be found
by the group leader fn his dafly envivonmeut, The total manhours forv
all of these tasks represents the total amount of work that wmust be
pertormed by the group to support Shovt Term Engineering Tasks during
the perfod ot play of the simulation. To simulate the random avrvival ot
tasks, all task statements (in the form of a Short Terw Engineering Task
card) are placed face down, mixed by the plaver, and then consolidated
{nto one stack of tasks., As play progressess, the plaver dvaws tasks
trom the stack which will provide him with the latest stite of his
workload, Thus, the total manhours way be known for the siwmulation
period which g o veasonable assueption based on the tfact that a group
leader can voughly estimate potential workload over extended periods of
time,  The random dvawinyg ot speelfie tenks Trom the pool simulates the
arvival of tasks fn a sequence that s wnknewn fn advanee and simalates
the uncerctainty ot this aspect of group workload.

Once the task avvives, the group Jeader s taced with a signiiicant
planning deciufon and that {s, to whom should the tagk be assipgned? In
waking this decisfon, the proup leader fx gulded by the vequivemeats of
the task, existing workload, and the abjlity of his suborvdinates to
complote the task., The reyuivements ol the task and exiating workload
are known factors while personnel capability is a subjective judpement
made by the superviger,

This Judgement ta complicated by the short term wature ot the
taska.  While It was shown that pertormance over the long term could be
reasonithly simuloted endey conditions of cevtaiaty, predicting por-
formance over a4 perivd of several days is much wore uneertain because ot




the many intervening factors that can affect short term performance.
For example, a person may become slightly 1li 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 illunesses cannot be
veliably 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 achleving a manual,
solitaire game rvequires that the player be aware of individual capa-
bilities of his subordinates {n a quantitative mauner, Generation of
vandom numbers 1s a technique that can be used to trigger events. The
player will be vequired to compare the random number against a range of
numbers that indicate a specific outcome. 1f the player knows the range
of numbers assoclated with the capability of each subordinate as well as
the total vange of possible numbers, he will know the probability of
generating a number that falls within the capability range. This
knowledge will change the plamning decision from one under uncertainty
to one undev visk,

This information could be concealed from the player either through
the use of a computer or by having an active game admninigtrvator.
tlowever, both of these options defeat the simulation design objectives
of a manual, solitairve simulation, the advantages of which are discussed
above. The problem now {8 to veview the decision envivoument of the
proup leader with respect to short term pevsonnel capability to estab-
1ish {f deciston under visk I8 a veasonablo uppreximation for management
doevelopment putrposes.

Unually, & proup leadev can state the capablilition ot each of his
subordinates in velation to each other. Annual performance ratings of
ocuch subordinate often vequire him to vank subordinate pertormance in
vrelation to that of other subordinates, Within the vanking system, {t
{s usually poustble to establish, by experfonce {u the group envivon-
ment, « basiy for diutinguishing botween mavginal performers and those
who are avevape ov botter, Thus, the group leader has infovmation te
help fn bis planning deciafon which veduces the wncertainty thac would
extut L0 he were not able to assess subordinate capabilicy subjectively,

The next step s to assipn quantitative values to categories ol

personnel capabiliey,  Fow proup leaders wake quantitative asscesswents
of personinel capability, however, it is not impossible to wake such an
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assessment. For example, if a group leader felt that his outstanding
subordinate had a 90 perxcent chance of completing a Short Term
Engineering Task by a certain date, he might assign correspondingly
lover 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 f{rom one under uncertaiaty 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 caunnot be predicted with certainty in the short term, but it
can be forecast by the group leader who knows the capabilities of his
subordinates. uUne of the most important ideas that must be conveyed to
technical, operating level personnel who are studying management is that
theve 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
vith complete certainty, However, few management decisions are made
under similar conditions of complete certainty and are more likely to be
characterized by conditions of visk and uncertainty. The important
concept that must be shown Is that the management decision enviroument
fncludes certainty, rvisk and uncertainty which may be a new and dramati-
cally ditfervent envivonment from that experienced by the technical
person, Glven the advantages of a manual, solitaire simulation, it is
considered that modeling personnel capability under conditions of risk
is an acceptable cowpromise, Having established the basis for modeling
the decision environment, it is now appropriate to summarize the char-
acteristics of the modol in velation to the workload envirvonment of the
group leadev.

Essential Elements

A discugsed above, there ave two distinet sources of workload fov
the group., Projuct work Is long turm in nature and wovkload declslons
regarding it will be wodeled under conditions of cevtainty. Support
work iy tasked by Short Term Englneering Tasks, {s short tevm in natuve,
and worklond decisfons vegarding these tasks will be wodeled wndev
conditions of risk.

In responding to these fuputs, the group leader has resources that
can be applicd within the constraints established by the task, He has
subordinates who vary in capability to perform certaln work and he in
assumed to have the option to obtain asslatance trom sub-coutractors,
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Overtime can also be used if authorized. 1f the group leader teels that
the task cannot be completed within the established due date, he can
request an extension which may or may not be granted. Furthermore, many
tasks require coordination with other groups which can affect the
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 roflected by the achievement of objectives assigned to his
group. Lf objectives are not achieved, the group leader's reputation
suffers, particularly if delinquency lists are distributed throughout
the organization's chain of coumand,

How these essential elements are interwoven into a simulation
design is discussed in detail in the followlng section,

Design Cousidevations

Course of Play

The full course of play would include all of the essential clements
discussed above and would start by drawing all of the project cards and
one sShort Term Engineering Task card., Project card lnstructions ave
vecovrded on the planning sheets, one projuect card for vach week., The
player then reviews the task cavd and his project wovkload. le ostab-
Lishes the completion date objectives that he wishes te achleve (wnich
may be different rrom the task due date, hopetully carlier) and plans
the allocation of his pevsonnel vesources to achfeve the obfective,
circumstances turn out differvently from the player's plan (and they will
through drawing new task cavds and othev Tactors), then he wmust deckde
on corrective action or veplanuing to moet these new conditions.

After these phases of planning and control, the player executer the
administvative functions ot the simulation of attempting completions,
recovding penalties, wnd {laally vecovding all events ot the day on the
master sheet,  These actions complute one day of work for the player,
and he now proceeds to the next day until tovty davs are completed.

The playev's primary objuctive ix to avold accumtlating penalty
polnts tor overdue Short Term tngineerving Tasks, He {s countrafued in
this task by the nuwber and capability of his pevsonunel and the number




of mandatory hours devoted to project work., He 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 arviving 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 persounel who may
simultaneously work on the task, and tue number of hours requived to be
applied to the task before a completion attempt can be made,

The coordination level indicates how many different proups are
requived to provide input and is used to simulate the increased diffi-
culty in completing a task when several different groups ave involved.

The number o personnel that can work on the task iy specified to
simulate the nature of varfous types of work received by Shovt Term
Engincering Task., Sowme tasks can be divided into discretv segments thus
allowing more poople to work on them. However, other tasks requive the
concantrated efforts of one pevson and cannot be done by saeveral people
as efficiencly as by one person alone.

As o result of simulation prototype testing, which {x dirxcussed fn
detall in Chapter 111, {6 was decided that a4 sequentiul approach was
vequired to lead the player futo the {ull courre ot play described
above, 1t was found that the complete simulation, even though compara-
tively simple, was too comprehensive to be alsorbed by the player in one
inftfal play. Thevefore, the course of play f& avvanged in stages which
begin with the basic simulation and additional ¢lements ave pradually
futvoduced {n subsequent stages. A detalled narvative of the elewents
included fn each stage of the si{mulatlon iy included as part of the
simulation guide contalned in Appendix A,

Euch of the essontial elements ix Included in the narrative and the

deseription of cach element shiows how the coreept of the elemont is
transforaed dnto the simulation wodel.
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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 strengths and weaknesses of simulation referenced in
Chapter 1. The simulation 1s 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-
ment 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
wanner in which the simulation is designed to emphasize the strengths of
simulation methods while minimizing the effects of weakuesses 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. Guldes discussed
in Chapter 1 for inducing ivvolvement included prompt feedback to and
strong influence by the player. In the simulation, the player's per-
formance depends divectly on the declulons that he wmakes. There are
factors beyond his contrel, bLut his decisions in allocating resources
can {nlluence these factors. Feedback will be very prompt because the
ent{re simulation, represencing forty days veal time, can be played in
less than an hour., Feedback on decisions made for Shovt Term Engineering
tasks due {n several simusated days may be known in a watter of minutes,

Another gulde was that uncevtain events and olements of visk be
incorporated inte the design, Uncevtain events oceur in the simulatien
through draving ol 8 new task cavd cach simulated day,  The player doee
not Know thu wequence of the c¢arvds in the deck which makes the new draws
uncertain events,  EBlements of risk ave introduced fun compiction capa-
biliey of personnel, due date extensions, and f{armeout procedures.

A third pulde for desipgn was that the player be able to expeviment
with alternative strvategfes. The simulatton as designed permits the
player to develop and then test altevnative strateglon, Fov exmmple,
the player may asuign the outstanding persoa Lo Short Term Engineeving
Tasks exclusively and agsign the warginal pevson to project work. ie




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 between 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 simuleation.

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 Lngincering Tasks.
This strategy reduces high risk associated with the msrginal person in
completing Short Term Engineering Tusks, By using sub-contractors
working through higher capability pursomnel, it was possible to have
these people complete Short Term Engincering Tusks at less visk and also
to simultaneously contribute to project work, This stvategy has been
observed in real situations in planning actual workload. Higher capa-
bility personnel arve often assigned a vaviety of work including projects,
Shovt Term Enginecring Tasks, and nonitoring of sub-contractor offorts,
while less capable people ave often assigued to long term projects in
which theve is less risk associated with their contributfon to the total
effore,

Wich regurd to expense involved in playing simulations, the simu-
lation as designed mintmizes this veakness of simulation methods.
The simulation presanted in Appendix A can be played on the player's
own tima, at home, and using -mly a norwal dosk surface. Time requived
for the simulation can be less than one houy per run, thereby reducing
the oxpanse ansocinted with time, 7The design objectives of a manual
solitaire simulation were achieved, thereby eliminating the uced 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 potentlal realization of the management opportunity is

described in the following chapter.




CHAPTER II1

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 questiounaire. 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 velative impact of changing workload and
adding meany to increase vesource availability which are introduced in
the various stages.

In order to veceive a wide variety of fcedback, the simulation and
quastionnaive were glven to both management and operating level per-
gounel, Management persomnel lncluded section and branch heads as well
as higher lovel managers. Specific operating level persomnel were
chosen as play testers by the author's assecssment of their potential to
bacome managers, which are those people to whom the simulation la
primarily divected. Feedback from manugement personnel, who have a
degree of influence over the solection of munagement development methods,
would indicate veceptiveness to simulation ay a development method as
well as the context of simulation, e,g., if simulation should be used
with loctures and other materials, Feedback from operating level
persounel would indicate the acceptance of simulation methods as &
development tool, Both groups would indicate, through questionnairve
feedback, fmprovements ot wodificutions to the simulation to maximize
its usefulness to the individual. ‘Thus, the questfonnaive was developed
to seek vesponses in these three aveas; simulation as a development
method, context of the simulation, and potential fmprovemeats and
wodification to the siwulation.
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Questionnaire

The questiomnaire 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.

Elghteen copies of the simulation and questionnaire were distri-
buted to persounel at the Naval ship Engineering Center. WNine of these
people were In management positions (first line supervisor and higher)
while the remalning nine were in operating level positious,

Prior to completing the questiommaire, informal feedback from play
testers indicated that there was a threshold of understanding that had
to be overcome by those not familiav with simulation methods{4].
Basically, those who had had little or wno previous experience with
simulation found it difficult to grasp the concept and flow of the
simulation, The complete simulatlon is velatively slmple compared to
many simulations currently on the market, and the extensive play alds
provided, further simplify the player's task. However, there was still
the threshold of understanding that had to be overcome, While explana-
tion of the simulation concept was suffleient for the play testers, the
design objective of achfeving a solltaire simulation led to use of this
preliminary Teedback to modify the Jesign of the simulation to its f(lnal
torm as described in Chapter L1 and Appendix A,

This wodification resulted ln a desipn that Introduces the player
vo simudatfon methods In pradual stapes, The inftial stapes teach the
player how to play simulations by starting with tho most elementavy
concepts and gradually bullds upon this base wntil finally, {n Stage 1V,
one 1is playing the cowplete simulation, Thus, the player ls able to
overcome the threshold of undorstunding which was identified {n the
tusting procoss,

Of the eighteon questionnalves distvibuted, tive were completed and
recurned which included three from workinyg level persomnel and twe frow
managoment level persomnel,  The five returned quest{onnafres vepreseant
27,8 peveent of the total diatvibuted, and consfdering the mapnitude of
volunteer eflort vequived to play the atwulation and complete the
questionnaire, this return fg consldered veasonable, In addition,
wmformul feedback was obtained from threo other people who had vead the
miterial and started playing the swimulation,  These people were not




able to complete the simulation nor the questionnaire because of other
comnitments, but all three were generally favorable to the management
development concept of the simulation.

0f 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 questiomnaire 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 respondiug 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 questlion 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 vesponse 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 rvating ol four. The person who adve-
cated only on-the-job development rated sfwmuiatfon complexity as "one"
in relation to the real life situation in hia branch with the comwment
that the sioulation was ".,.relatively complex in absolute tevms". All
responses to question nine indicated that moking the simulation wore
complex would not make it wore effective,

Playing time for the four rvespouses (question seven) averaged
approximately three hours, However, subsoquent discussion with the
pluyers fudicatod that vesponses were sowevhat low in comparison to
actual time spent playing the simulation.  The number of times played
averaged slightly less than two por rvospondent and vanged {vom oune to
“many" which, through subsoquent discussion, was found to be approxi-
mutely lour plays,

Four of the vespondents advocated a short program tor prospective
managers using o varfety of development wethods and, as ment founed
previously, one person advocated only on-the-job development. ALl of
the working level respondents indicated that prospective managers should
have a management development program, including the simulation, and ft




should be recalled that working level persomnel were selected for play
testers based on the author's assessment of thelr management potential,
A comment by one of the management personnel, who 1s a branch head, is
particularly relevent and is quoted as follows: "I feel the simulation
is an excellent adjunct to any management training program, and that it
has great potential for expansion into a management workload plenning
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 wore effectively. One management level respondent indicated
that the simulation did not reveal any new information to him regarding
how to manage group workload more effectively.

ln 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
for management and may have a "spinolf" benefit in being adapted for
actual workload management. The results obtained also emphasize again
that the simulatfon will be wost effective 1f it {s included as part of
a program of development that would include other development methods
such ay lectures and case studies, While it is unfortunate that a
Targer return of questionnaires could not be obtained, it is felt that
the tormal and intormal feedback veceived demonstrates that the simula-
tion has the potential for fmproving management developmont prograwms.
Moreover, the response indicates that a wider test of the simulation is
warrauted which is one of the purposos of this paper,

In addition to volunteer play teasting, there was also a test phase
that used a series of trial runs to develop average scoves for each
stage of the simulation, This topic is discussed in the following

sect lon,

Trial rung of cach stuge were performed to establish avervage
seores for the mix of rasources and objectives represented by each
stage.,  These average values are scores that the player could expect to
achiove, however, the vandom events built into the simulation, such as
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arrival of tasks and completion capability of persomnel, 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 coupletion 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 persomnel vesources.
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 thiid 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 resocurces.
Depending upon the random arrival of tasks, the player will be able to
achleve comparatively low scores., Alter playing Stage II1, the player
will see the lmportance 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 achleve flexibillicy.

In the fourth stage, sub-contractor assistance is available. The
addition of these outslde pevsomnel resources allows the player to scove
zevro penalty points with relative case. Sub-contractor assistance is
useful in two ways. Fivst, {t pormits sending large tasks to a sub-
contractor who can apply the maximum number of people to the task and
thereby complete It soonor. Secondly, it permits more tasks to be
porformed through the outatanding pevson fn the group. By larming out
tasks theough the outstanding purson, advantage can be taken ol the
outstanding person's greater ability to completo tasks atter the vequired
number of. hours have been applied to the task. 1t the outztanding
person must work on tasks himseil, the number ol tasks that ho can
perform ig very limfted. towever, by favming the tasks out, he will be
able to cowmplete more tasks which rvoduces the player's risk involved in
tugk complotion,




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 wost important is that the simulation has the potential
to be used in realizing the management opportunity described in Chapter 1.

The simulation, as deslgned, could be used in improving the wmanage
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 envivomnment of specific engin-
eering organizations, particularly at the first line supervisor position.
The simulation casts the player into the yole of the first line super-
visor, and by playing the simulation, he must make planning decisions in
the allocation of group workload under conditions of risk, uncervtainty,
and certalnty.

A second potential application ol the simulation is in the orienta-
tion phase of the management development propram. By plaving the
simulation, potential managers would be given a simulated introduction
to one aspect of the tuechnical group leader's management responsibillities,

Although the simulation has the potential to be utilized in closing
the gups Adentified in a management development program, it must be
vocognized that a balanced program including a vaviety of teaching
methods i neceusavy to achieve management Jdevelopment ohjectives.
Simulacion can be an effective method, but it must be balanced by
lecture and Lext matevials, case ntudies, and other teaching methods.
Thus, this simulation la envisioned as but one pavt of & complete and
balanced management development program consisting of other courien on
general subjects and those specific courses that are available in
existing programs,
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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 gulde. 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 vesults 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 ussisted 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 intevested In studying manage-
ment without intevfering with their job responsibilities.

The slmulation presented heve emphasizes the strength of simulation
methods while minlmizing the effects of weaknesses of simulation. In
addition, it has been tested by people who vepresent potentiul users and
has been favovably recedved by them, In view of the foregolng, it is
considoted that the simulation fncluded {n Appendix A has the potential
to be used {n vealizing the management opportunity ol improving manage-
ment development progrums,

lmplementat ion

It muse be rvemembeved that the simulation presented in appendix A
is basod on an assumed, hypothetical organization which way or may not
be a true representation of the fndividual uwsev'n organization, Thus,
the user may wish to adapt the simulation te his particulav organization
befove fwplement fng its use ay a management development tool within that
organization, In view of the potential need for this adaptabiliey



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 extensfon process, if permitted., The most dramatic
alterations can be achieved by modifying primary varilables while mod-
ifying secondary variables will have less overall impact on the
structure and playability of the simulationm,

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

The next step is to establish typical workload parvameters and then
change the Short Term Engineeving 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 the type of work performed in the organiza-
tion, then the scenario would be changed to vequire three STET card
drvaws per day and all STET cavds would be changed to veflect zevo
coordination level, The cther pavamoters (numbev of people per task,
due date, effort rvequirved por task) could be similarly modified. The
key to this step 1s to perform a realistic management survey of the
characteristics of the work poerformed in the group and then modify the
sfmulation wodel to sute,

The (inal atep in developing the simalatfon wmodel s to establish
the secondary parvameters that vellect organfzational policies vepavding
the use of overftme, sub-contractors, and extensfon of due datexr, Onee
the new wodel has been developed, theve is one last scep that wmust be
taken belore pgeneval use of the simulation.

This step {8 teating the model,  Testing the model may be done by
the person who developed the now wodel or by other people in managewont
ponitions In the vrganization, The purpose of this test {8 to cnsure
that combined offects of vaviation of the parameters do net distort the
tesults one obtafns when plaviep the aimulation. [ veasonable results
are obtafined duving the teat phase, the rvevised simulation s then veady
tor penwral use fn the specific organization,
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Author's Closure

The simulation GROUP WORKLOAD MANAGEMENT, 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 11l.

One of the primary objectives of this paper is to obtain broader
exposure of the deslgn 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 MANAGEMENT.
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INTRODUCTION

The purpose of this simulation (GROUP WORKLOAD MANAGEMENT) is tro
expose students of management to the issues involved in managing the
workload of a technical group of an engineering organization. GROUP
WORKLOAD MANAGEMENT ewphasizes plauning and control functions, not
necessarily because these are considered to be move important than other
functions, such as organizing ov leading, but because plauning and
control can be handied well by simulation methods while other functions
are consldered to be more readlly studied by other means. Thus, GROUP
WORKLOAD MANAGEMENT Is envisioned as part of a total management develep-
ment program that could be used in & complementary way with other
methods in the program to achieve a management development objective,

When one is playing GROUP WORKLOAD MANAGEMENT, he s taking the
position of a technical prowp leader (fivst-line supervisor) and he
seeks to assign work to his subordfnates {n such a way as to maximize
the performance ot the group, The emphasis {s placed on manapement ot
Short Term Buglueering Tasks (STET) because the technical proup leader
has wore divect management responsibiifty tor STETa than {or other types
of work such as major projects which are olten planned, organized,
divectad, and controllod from many higher levels tu the postulated
ovganization,  While group fuput into these procaesaes is fwpoctait, the
technical proup leadur has wove ot a total and todependent venpousi-
bility fn manaping workiovad ol STEVs.

It will be noticod when playing GROPP WORKLOAD MANAGEMENT that some
vloments have been aimplitiod over the envivonment that exiats o real
bite,  Thin siwplitication han been done tn such o way to achivee a
balanee between duplivattng veality in it total complesity and achiov-
fng a sfmadatfon that captures the easonttel vlements of veality tor
tradning purposes while beluy comprehensible to the person using ft. 1t
a sfmlatfon {8 too cowplex, Tt {8 not an eftective Tor teafuing purposes
Ay g wove abstvact versfon that capturen the esuence ot vealfty, 1t
should be vemembered that the atmulation (s envisfoned as pavt ol a
proguam ol tanagemeit Jevelopment .,

AL tivat glance, (t may appoar that GROUP WORKLOAD MANAGEMENT in
morve compien than 10 will be {n actual plav.  There are play alds that
appeat te add cotplesity, but these abds present the sfwmulacion in an
evderly format that can bo placed {0 fvont of the piayer,  Through wee
of thene afds, the plaver will not be rvequived to semovize any rules ov

uthey data.
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GROUP WORKLOAD MANAGEMENT is designed for the player to study it
without assistance from other sources. The player, in perforuing the
role of a technical group leader as it relates to managing workload, is
faced with decisions to be made under cond:tions of certainty, risk, and
uncertainty just as he would be faced with decisions under these condi-
tions in a real 1life 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.

The basic scenarlo Is structured to provide an interesting and
challenging task to the player and 1s 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 aund to change the number and capability of personnel

if he so desires.

Actual play of GROUP WORKLOAD MANAGEMENT (GWM) 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 the simulation and refers to subsequences that
way be required during the course of play. Sample planning sheets are
fncluded from a trial run of GWM and 1llustrate a couvenient notation

that may assist the player.

GROUP WORRLOAD MANAGEMENT fs presented in stages to gradually
fntroduce the player to simulation methods, The complete simulation is
wot complex, but could overwhelm the player not familiar with simula-
tions LU he sttempts the complote GWM on the initial play. By gradually
adding additional actors at each stage, the player will be able to
learn how to play GWM without becomfing overwhelwed. The player should
begin with Stage | and progress through the stages one at a time to
Stage IV, The appropriate playing alds and puide text arve provided at
each stage., o addition to the new ftems Introduced at each stage, all
of the materials from the previous stages ave vequived for subsequent
stages, except for the MASTER SEQUENCE which is vepluaced as noted.
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STAGE I

Preliminary Preparations
1. Clear an area about the size of a desk top or & 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 MASTIR 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
wmarginal.

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

Guide Comments

Porsonnel Capability

pifferent people have different capabilities which are simulated by
the ability to complete & STET task,

The ability to complete a task in finished form is one of the
distinctions among porsonnel capabilities and these distinctions are
ghown on the COMPLETION CAPABLLITY CHART. 1n general, all people in the
group can put in time required vo bring & task nesr completion, but the
higher capability person can tinish it morze veliably than the lesser
capable. This design feature is mot to imply a demesning viswpoint 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 situation of the technical group leader in real
life involves identifying those marginal performers and ralsing 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. 1f the random
number falls within the range specified on the COMPLETION CAPABILITY
CHART, the STET is completed. If the number is not within the range,
the STET ls not completed and additional work 1s required. The amount
of additional work is determined by generating a random number which
sives the number of additional hours required and simulates the range of
additional work from minov editorial changes to revision of concept.
Kandom numbers ave generated by the simple method of volling a pair of
dice.

A COMPLETLON SUBSEQUENCE is included in the play aids which gives
the player a step~by-step gulde for completing STETs.

1t should ba vecognized that several attempts may be vaquired to
complete a task with addicional howrs added each time. While the
probablliity of incompletions is Increasingly smallev for lavper numbers
of attompts, it does cffectively simulate the potentinl for the occu~
sional "snalu" that {nevicably occurs fn real life when a task, like the
plague, seewms lwmpossible to eliminate.




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 vecome 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 & 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. i
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MASTER SEQUENCE STAGE T

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, Xeep 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 SIET.
c. Record events of the day on master sheets.

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

#% Indicates subsequences andfor 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 CAPABILITY CHART
for:

a, Personnel capability (of least capable person working on the
task 1f more than one worked on it) considering the effects of overtime
of previous week (see GUIDE, Stage II1I; 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 S.

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

¢, 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 MASTER SEQUENCE.




COMPLETION CAPARILITY CHART

Number Personnel Capability/Coordination Level %
Thrown 0/0 0/ 0/2 ¢/o__G/1 G/2 M/O M/l M/2
2 ¢ C 4 4 C 4 c c C j
3 4 C C ¢ C 4 C c C
4 [4 c C C c C C C c R
M) c C 4 C C ¢ C C C
6 c 4 ¢ ¢ c 4 C C -
7 C C C C C C C - -
8 ¢ C 4 4 C - - - - i
9 c ¢ - ¢ - - - - - j
10 [4 ~ - - - - - - -
11 - - - - - - - - -
12 - - - - - - - - -
NoES:

C = STET fu completed
~ = STET Lu not cowpleted
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STET Due +15 STET Due 45 STET Due +20
No, 1 Routine No. 2 Urgent No. 3 Routine
Coordination Coordination Coordination
Level O Level 1 Level 1
One person One person One person
only only only
16 hours 24 hours 32 hours
STET Due +3 STET Due +10 STET Due +8
No. & Urgent No. 5 Routine No. 6 Routine
Coordination Coordination Coordination
Level 0 Level 1 Level 0 N
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. & Routine No. 9 Routine
Coordination Coordination Coordination
Level 2 Level 2 Level 2
One person One person Two people
only only only
8 hours 40 houvs 64 hours
STET bug +10 $TET  Due +20 STET Due +10
No. 10 Routine No. 1l Routine No, 12 Routine
Coordination Coordination Coordination
Level 2 Level 2 Level L
Dne person One porson One person
only only only
40 hours 24 hours 24 hours
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STET Due +10 STET  Due +15 STET Due +5
No. 13 Routine No. 14 Routine No. 15 Urgent
Coordination Coordination Coordination
Level 2 Level 1 Level 2
Two people One person One person
maximum only only
40 hours 32 hours 40 hours
STET Due +10 STET Due +5 STET Due +3
No. 16 Routine No. 17 Urgeat No. 18 Urgent
Coordination Coordination Coordination
Level 2 Level 2 Level 0
One person Two people One person
only maximum only
32 hours 40 hours 16 hours
STET Due +4 STET  Due +10 STET Due +15
No., 19 Urgent No. 20 Routine No. 21 Routine
Coordination Coordination Coordination
Level 1 Level 1 Lev-l 1
One person One person One person
only only only
24 hours 32 hours 48 hours
STET Due +12 STET  Due +$ STET Due +6
No, 22 Routine No. 23 Routine No. 24 Rout {ne
Coordination Coordination Cuordination
Level 2 Lavel O Level 0
One person One person One person
only only only
24 hours 8 houts 16 hours
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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 Dueg +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 Due +5 STET  Due +8 STET Blank

No, 31 Rout ine No, 32 Routine
Coordination Coordination
Level 0 Level 1
One person One person

only only
16 hours 32 hours
STET Blank STET  Blank STET Blank
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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 @) (any type) (any type)
32 hrs any type)
Project Project Project
40 hours 40 hours 40 hours

(any type)

(any type)

(any type)

Retain projuct cards for Stage 11
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STAGE Il

Preliminary Preparations

1, Assemble all materials from Stage I.

2. Replace MASTER SEQUENCE STAGE I with MASTER SEQUENCE STAGE II.
3. Make 16 copies oI sample planning shor..

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

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

6. Shuffle STEY cards, place face down.

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

~

Scenario

1. Group parsomwnel consists of omne outstanding, one good, and one
marginad.

2, Play lasts for 40 siwulated days although the player may
abbreviate Lhis period i he feuls that he has grasped the basic
concept .

Gulde Cowmouts

Projuect Work

The hourn specilied on the project cavds ave the nuwber of hours of
actua) work that weut be contvibuted o the project duviug tuat week,
In view ot che diftervences tu capablilities among pevnonnel, hours worked
will not always be the same as aetual work eontrvibuted to the project,
Fov example, ¥ o wavginal person works on a project fov eipht houvy,
hin contribution in actual work co the project ia vnly four houwrn, It
{1 the total ob actual hours et west weet the weekly total reyufyed.
The PROJECT WORK CHART fs provided to couvert hours worked to actual
hours contvibuted,
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MASTER SEQUENCE STAGE 11

1. Draw STET card (1f 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 plauning 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. **(COMPLETION SUBSEQUENCE).
b. Record overdue penalty.
1 point por day = Routine STET.
3 points per day - Urgent STET.
¢, Record events of the doy on Master Sheet,

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

*%  Indicates subsequences and/ovr chavts arve available to sssist in
performing these stops.
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STAGE IIL

Preliminary Preparations

1. Assemble all wmaterials from Stages I and II.

2, Substitute MASTER SEQUENCE STAGE III for previous ones.
3. Make 16 coples 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

Overtiume

Overtime is provided to give the player flexibility in meeting
commitmentg, Whil~ overtime can be used, there is a diminishing resturn
to its effectivenvss. ‘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
ordar 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 persounel 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
1s 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., & 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
& 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 & 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 he can
meet, he may appeal to the customer representative (CR) who will advise
the tachnical group leader 1f 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 shown on the EXTENSION SEQUENCE and the nogotiation phase
is simulated on the EXTENSION REQUEST CHART, While the EXTENSION
REQUEST CHART does not give the essential flavor of negotiatiom, it
represents 4 necessary compromise tv achieve a simulation that can be
uged in solitaive play. More than one person is required to learn and
practice negotiation while this simulacion {s designed to provide a
pergon with a vehicle that way be used in individual study to expand his
knowledge of the processess involved in managing group workload. Thus,
it {8 felt that this simplificotion is justified to achieve the design
objectivds of this simulation,
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MASTER SEQUENCE STAGE III

1. Draw STET card (if due date exceeds end of simulation discard it
draw again until one 13 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 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) salft 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.
L point per day - Routine STET.
3 points per day - Urgent STET.
¢. Record events of the day on Master Sheet.

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

**%  Indicates subsequences and/or charts ave available to assist in
performing these steps.
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AT TP, -

EXTENSION SUBSEQUENCE

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

2. Task to be extended was recelved 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 extemsion (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 S5c.

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

d, 1f extension is granted, modify due date on planning sheet.
extension is not granted, the original due date is not changed.

If

6, If all extensions have been requested, proceed to next step of
MASTER SEQUENCE,
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EXTENSION REQUEST CHART

TIME REQUESTED (DAYS)

CR

NUMBER 5 10 15 20
ROLLED PRIORITY
R U R R

2 G G G G
3 G G G G
4 G G G G
5 G G G [4
6 4 G G G
7 G G G G
8 G G G -
9 G G G -
10 G - - -
1 G ~ - -
12 G - - -

NOTES ¢

G = Extension is granted.
- = Extensfon is not granted.
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STAGE IV

Preliminary Preparations

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

2. Substitute MASTER SEQUENCE STAGE IV for 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 comnitments 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 sub-contractor's response into a format that can
be provided to the customer. The farm-out proceduie is outlined, step-
by-step, on the FARM-QUT 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 oxrder 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 varisble 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, convertinyg 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 ave 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 ncar 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 requirved for those STETs performed cowpletely in-house.
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MASTER SEQUENCE STAGE IV

1, Draw STET card (1f due date exceeds end of simulation discard it and
drav 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., ¥**(FARM~-OUT SUBSEQUENCE).

3. Control phase, note deviations from plan.

a, Change objectives; replan--
(1) Secure extension., **x(EXTENSION SUBSEQUENCE).
(2)\ Farm~out, ¥**(FPARM-OUT SUBSEQUENCE).
(3) Overtime (3 hours per day, each person maximum).
(4) Shift personmnel.

b. Keep objectives; corrective action--

(1) Overtime (3 hours per day, each person maximum).
(2) Farm-out, **(FARM-OUT SUBSEQUENCE).
(3) Shift persomnel.
4, Administrative Phase

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

b. Record overdue ponalty.
1 point per day ~ Routine STET.
3 points per day - Urgent STET.

¢. Record events of the day on Haster Sheet.

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

% Indicates subsequences and/or chavts are available to assist in
performing thosu 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. 1Two 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
pexson 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 #26, #1, #17, and #27 are carried over from the
previous week and STET #22 is drawn from the stack. The player decides
to put A", “BY, and “C" on the project to complete the hours required.
Hours worked and hours contributed per day (with running totals of hours
contributed) are plauned 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
#26 has been in hand since last week nothing has been done on 1t to
date, and it is decided to farm it ocut through "A". "A" puts in the 2
hours required to send it to the sub-contractor where it will arrive om
Thursday (when a number of additional hours must be determined for "A";
see FARM~-OUT SUBSEQUENCE). "A" also has #1 which he previocusly 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 {s 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 phuase on Monday, the planning sheet will
appear as shown on the example sheet. After veviewing plans and confirm-
fug that he desires to implement the plan shown, the player proceeds
through the master sequence and attempts a completion for STET #17. 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. He then throws two dice obtaining a wumber "6, Cross-indexing
"6" with the column he finds that the STET i3 completed, and the small
"c¢'" on the planning sheet i8 civeled to indicate this occurremnce., If a
9, 10, 11 or 12 had been thrown, the task would not have been comploted,
and the dice would have been thrown aguin (suppose the now number was a
4, this throw would voguire that "A" spend 4 wore hours on £17 before
another completion attempt could be made, and in view of the fact that
urgent STET €17 {8 due today, ft would go overdue at a cost of 3 penalty
podnts pexr day overdue until finally completed).

The player now records the plan as implemented for Monday ou the
master sheet (the mastar sheet is the same as the planning sheet but
records only fiual decisfous day~-by-day and {8 not used to plan fun
advance as was done in this example on the planning sheet).

The player procceds to Tuesday, draws a STET card, and plaus,
replans, or takes corrective action as necessary to meet the current

clvcumstances.
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APPENDIX B
QUESTIONNAIRE

1, Name and organization (optional)
2, level in the organization (check one)

_ Higher level wmanager

__ Second level manager (supervisor of first level managers)
___ First level manager (supervisor of working level)

__ YWorking level

3. Do you think that this simulation would be an effective tool in
developing working level persomnel 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 simulation? If so, what other methods would
you suggest (use back of sheet).

Yea No

5. Do you think that this simulation would be a valuable tool for
management developuent 1f included in a program including this simula-
tion with lectures and other methods?

. You No

.

6, How would you rate this simulation as to compleoxity? (I = too
simple, 5 » about right, 9 « too complex, othur numbers can be usad to
express an'opinion between these).

oy 2y & 5 6 1T _8 _.09

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

. Heur(s)
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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 development 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 anythlng to you about how to more
effectively manage group workload?

o Yes . No
14, If you have any additional comments, feel free to include them on
the back of these sheets or attach additional shests.

Please return to: J, P. lHope
Naval Ship Engincering Centexr
SEC 6131
NC #3 3812
Waghington, D,C. 20362

Thunk you.
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