| I

DNA-TR-88-31

AD-A205 455

DEVELOPMENT OF PATH GAMING METHODOLOGY

B. P. Finn

H. Rosenbaum

Harold Rosenbaum Associates, Inc.
111 South Bedford Street, Suite 101
Burlington, MA 01803

30 June 1988

Technical Report

CONTRACT No. DNA 001-85-C-0247

Approved for public release;
distribution is unlimited.

THIS WORK WAS SPONSORED BY THE DEFENSE NUCLEAR AGENCY
UNDER RDT&E RMC CODE B3860A7663D SD SB 00001 25904D.

= DTIC

ELECTE
2 o1 1989 B3

E

Prepared for -
Director
Defense Nuclear Agency
Washington, DC 20305-1000




Destroy this report when it is no longer needed. Do not return
to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY
ATTN: TITL, WASHINGTON, DC 20305 1000, IF YOUR
ADDRESS 1S INCORRECT, IF YOU WISH IT DELETED
FROM THE DISTRIBUTION LIST, OR IF THE ADDRESSEE
IS NO LONGER EMPLOYED BY YOUR ORGANIZATION.

-oN‘.

A\
Nt

v
~a




CUT HERE AND RETURN

DISTRIBUTION LIST UPDATE

This mailer 1s provided to enible DNA to maintain current distribution lists for reports. We would
appreciate your providing the requested information.

ZJ  Add the individual listed to your distribution list.

71 Delete the cited organization/individual.

O Change of address.

NAME: .

ORGANIZATION:

OLD ADDRESS

CURRENT ADDRESS

DNA OR OTHER GOVERNMENT CONTRACT NUMBER: . _ -

CERTIFICATION OF NEED-TO-KNOW BY GOVERNMENT SPONSOR (if other than DNA):

SPONSORING ORGANIZATION:

CONTRACTING OFFICER OR REPRESENTATIVE: e

SIGNATURE:




Director

Defense Nuclear Agency
ATTN: TITL

Washington. DC 20305-1000

Director

Defense Nuclear Agency
ATTN: TITL

Washington, DC 20305-1000




Ral -

UNCLASSIFIED
SECURITY CLASSIF CATION OF THS PAGE

REPORT DOCUMENTATION PAGE

Ta REPORT SECUR™Y CLASSIFICATION
UNCLASSIFIED

Tb RESTRICTvE MARKINGS

2a SECURITY CLASSIFICATION AUTHOR'TY
N/A since Unclassified

3 DISTRIBUT-ON/AVAILABILITY QF REPQRT

2b OECLASS:FICAT-ON OGWNGRADNG SCREJULE
N/A since Unclassified

Approved for public release;
distribution is unlimited.

4 PERFORMING ORGANIZAT ON REPORT NUMBER(S)

S MONITORING ORGANIZATION REPORT NUMBERIS)

DNA-TR-88-31

6a NAME OF PERFORMING ORGANIZATION 6b OFF(CE SYMBO! 7a NAME OF MONITORING ORGAN.ZAT.ON
Harold Rosenbaum (if applicable) Director
Associates, Incorporated Defense Nuclear Agency
6¢ ADORESS (City, State, and ZiP Code) 7b ADDRESS (City. State and ZIP Code)
111South b iford Street, Suite 101 6801 Teleyraph Road
Burlington, MA 97803 Alexandria, VA 22310
8a NAME OF FUNDING SPONSORING B0 OFFICE 5  MBOL ]9 PROCUREMENT NSTRUMENT ‘DENTIFICAT:ON AUMBER

ORGANIZATION (1t applicable}
NASF/Zimmers] DNA 001-85-C-0247
8« ADDRESS (City, State and ZiP Code) '0 SOURCE OF FUNDING NLMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO NO NO ACCESS.ON NO
63223C SD SB DHO09010
1Y TITLE (Include Security Classification?
DEVELOPMENT OF PATI GAMING METHODOLOGY
12 PERSONAL AUTHOR(S)
Finn, Brian P.; Rosenbaum, Harold; West, Francis J. Jr. (GAMA Corporation);
13a TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT {Year, Month Day) |15 PAGE COUNT
Technical rrOM 850425 70880630 880630 194

16 SUPPLEMENTARY NOTATION

This work was sponsorec by the Defense Nuclear Agency under RDT&E RMC Code
B3860A7663D SD SB 00001 25904D.

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and :dentify by block number)
FIELD GROUP SUB-GROUP PATH Gaming Games
5 6 Computer-Aided Decision-Making
15 [ Decision-Making

19 A3STRACT (Continue on reverse if necessary and :dentify by block number)

-PATH Gaming is a new research tool which allows one to investigate the
possible paths connecting the present day strategic environment with a
preferred one in the future. This analysis is conducted within the planning
process. This tool helps decision-makers better understand the complex
interrelationships among the critical variables which affect the long-term
consequences of current decisions.

This report is intended to aid the potential users of path gaming in
determining whether this tool is appropriate for their specific
application and then in determining the gaming format best suited for their
needs. Four path gaming formats are described: mini-games, one-day games,
multi-day games, and extended games. A series of guidelines arec offered to
help choose a gaming format. .

ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIED

20 DISTRIBUTION/AVAILABILITY OF ABSTRA(T 2!

O unc.assisieounumtep [ same as reT J o1¢C USERS

220 " ELEPHONE (inciude Ares Code) | 22¢ OFFICE S¥VBCL
(202) 325-7389 DNALCSTL

223 NAME OF RESPONSIBLE INDIVIDUAL
Bennie F. Maddox

DD Form 1473, JUN 86 SECURITY CLASSIFICATION OF THiS PAGE

Previous editions are obsolete

1 UNCLASSIFIED




UNCLASSIFIED
SECLRITY ( LASSIFICATION OF THIS PAGE

pr—

12. PERSONAL AUTHOR(S) (Continued)

Resnick, Joel (Science Applications International Corp.)

_____SECURITY CLASSIFICATION OF THIS PAGE
ii UNCLASSIFIED




ﬁ-, »r - v — Lo

NTIS GR4&I ]
DTIC TAB

Unannounced ]
Justification __

. By.
’ | Distribution/
Availability Codes
Avail and/or |
EXECUTIVE SUMMARY Dist Special

A

Games have been used as an aid for decision-makers such

as military officers, government officials and business
executives for many years. This report will describe a
gaming methodology, known as path gaming, which is designed
to study the long range implications of present day
decisions. They are called "path" games because the set of
decisions which transform the current strategic environment
into a preferred outcome in the future can be seen as a
"»ath." The general technique used to expose this cause-and-
effect relationship is to greatly compress time. During the
first move of a path game, the players make choices in the
current strategic environment, while in subsequent moves they
grapple with the implications of earlier decisions. 1In this
way several years or even decades can be traversed in only a
few hours or days.

The main purpose of this report is to aid potential
users of path gaming in determining whether this technique
would be useful for their specific applications, and then to
help them in determining the particular gaming format that is
best suited for their individual needs. 1In a sense, this

report serves as a path gaming catalog.
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INTRODUCTION TO GAMING

Gaming can be used to put a selected group of experts
into a structured environment where their collective exper-
tise can be exploited more effectively than is possible in
other research techniques. In general terms, a "game'" can
be defined as follows:

A game is a group of people interacting through an
agreed set of rules in order to achieve a goal.

The people are typically organized into tecams which represent
real organizations, countries, or groups. The interaction
occurs through a series of moves during which the players
make decisions or perform actions in order to achieve their
stated goal. The rules are intended to represent "reality"
and are administered by a "control" team. Finally, the goal
can range from winning a battle to resolving an international
crisis or making decisions on long range planning. A game
need not have any "winners" or "losers."

Gaming techniques can be distinguished by the degree to
which the rules structure the interaction of the players. A
proper balance must be maintained between restrictions which
focus the players attention on the specific problem under
consideration and freedom which allows the plAayers to
investigate creatively all aspects of the problem not
considered by the game’s developers. This report will
concentrate on one variant of gaming which is very
unstructured and provides the playcrc with much latitude in
interpreting their roles. This technique is most useful when
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the main issue is to understand the constraints on a given
problem or to illuminate the complexity of the interaction
among the key actors.

Gaming can be used for three basic purposes: (1) to
educate either a large or small audience of officials at the
staff level, mid-level management, or senior level management
in the complexities of major issues; (2) to task the players
to make recommendations regarding policy changes based on
their conclusions from a game or set of games; and (3) to
identify all relevant issues related to a given problem, and

especially those that might not otherwise be apparent.

PATH GAMES

Path caming is a specific gaming technique which employs
an unstructured, free style game to investigate long range
planning problems with the main purpose of examining the
future implications of present-day decisions by greatly
reducing the normal time lag between a decision and its
consequences from several years to several hours or days.
Its main purpose is not to determine the winner or loser of a
conflict, but rather to investigate the decisions which must
be made in order to obtain a desired outcome at some point in
the future. Since conflicts, as such, are not the main
problem being modeled, path games can be played with only one

team.
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The style of play can be either "closed” or "open,"
which basically refers to how freely the players on different
teams can interact. 1In closed games not only do the teams
meet separately, but also the control team regqulates all
inter-team communications. 1In open games, on the other hand,
the teams are allowed to interact directly (either verbally
or in writing) without the control team restricting the flow
of information. Open play is less realistic and makes the
game less structured, but since the primary purpose of path
gaming is not to model the real world this loss is not
serious.

A path game can consist of as few as one team to as many
as four. A color coding scheme is used as a short hand for
the following convention: (1) a blue team to represent the
organization sponsoring the game; (2) a red team to represent
the blue team’s main competition; (3) a green team to
represent the other relevant groups which are not in direct
competition with the blue team; and (4) a contreol team to
represent higher level decision-making authorities and to
perform routine administrative functions.

For applications in international security, the blue
team could be the executive branch of the federal government,
the red team could be the Soviet Union, and the green team
could be a combination of domestic and foreign groups

(including the U.S. Congress, the NATO allies and public
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opinion in Europe and the U.S.). Typically the size of each
team varies from 10 to 20 players.

Computers can be used to perform various functions
during a game. A personal computer linked to an RGB (Red-
Green-Blue) projector can be used to display game materials
such as the description of the scenario, the charge to the
players, or other information required by the players. A
computer is also useful in maintaining a record of the
proceedings of the game. If the game play is closed, then a
computer network at a gaming center can be used to facilitate /
the inter-team communications. Finally, the calculational
speed of a personal zomputer can, in principle, be used to
perform quantitative analyses. The control team or even the
players themselves can perform these calculations. }

However, two limitations on the use of computers should
be noted. First, one should avoid unnecessarily distracting
the players’ attention away from strategic issues and towards
minor details. Second, given the unstructured nature of path
gaming, anticipating the precise kinds of calculations that
might be required by the players is difficult at best.
Therefore in most path gaming formats, computers are used
only to display game materials and produce a record of the
proceedings.

The character of a path game can change depending on the
type of players involved in it. For the purposes of this

report, three different kinds of players will be considered:
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(1) consultants, or experts from outside of the organization
sponsoring the game(s) (e.g., professors from academic
institutions or members of consulating firms); (2) staff, or
the support personnel and mid-level management working under
a senior level decision-maker; and (3) decision-makers, or
senior executives who are authorized to make strategic level
decisions. Figure 1 summarizes some of the differences
caused by the involvement of each type of player in the
various path game formats discussed below.

The amount of resources needed to play a path game is a
strong function of the length of the game. Gaming formats
with long moves make sense only if they involve a large
number of players and consequently large gaming facilities.
In addition, games with long breaks between moves make
extensive use of the control team to perform analysis. Both
factors drive up the cost of a game.

The iour main formats used in path gaming and their
chief attributes are summarized in Figure 2. Each is

discussed separately below.

MINI-GAMES

The main attribute of a mini-game is its simplicity, but
like many simple tools it can be used best only for certain
types of applications. The problem addressed in a mini-game

should be sufficiently limited in scope for a blue tean,
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Mini-Game Format

One Day Game Forsat

Mult

Purpose

To use a seall ogrqug of experts to
investigate a set of inter-related issues
in a structured seainar format.

To involve a large group of officials in
2 discussion of a wajor policy ‘ssue in
order to expose thea to new ideas or
approaches.

To investigat
and expose a |
@ wide array o

Strengths

{1) Identify major issues and actors
related to qiven issue; (2} Create group
of experienced players for future use

including educating seall groups o}
senior decision-sakers.

(1) Educate large nuaber of people in new
issues or approaches with sore ispact
than standard briefings or reports;
{2) ldentify  previously unrecognlzea
issues or probleas as a by-product of
education.

(1) tducate &

extrealy cosp
leneth of ga
cantrol  teas

from game.

Weaknesses

(1) Severe tise constraints restrict use
of inexperienced Ylayers; 2) Limited
ability to forsulate specific policy

{1) Use of inexperienced players linits

possibilities of tangible out~uts such as

specific polic{.reconlendations; (2) Need
i

(1) Logistical
gasing center
resulting pf

recoasendations. for the facilities of a gaming ceater participants &
increases casts and logistical problems. gase, tost, (o
saterials; (2)
than with othe
Length of Base 4 hours 1 day
Hove Duration 1 hour 2 hours
Inter-fove Duration None 1 hour
Kusber of Noves Tuo with replay of first acve Three or two with replay of first move Three with
Base Play Open Either open or clased Eith
Nusber of Teass 2 I-4
(Blue, Control) {(Blue, Red, Control, Green} (Biue,
Susber of Players 12 - 18 0 -

Type of Players

Consultant

Stat4

Decision-Naker

Participate as outside experts to provide
tresh insights or play separate gases in
preparation of large game or series of
#in-gases.

Investiqate one larqe scale sove and
several paths or two shart scale maves
with support fros consultants,

Several senior level decision-makers
involved in one wini-gase following a
series played by their statf.

Participate as outside experts to provide
fresh insights.

Wore detailed investigation of ane ar
sore paths.

Involved as team leaders in order to add
realise to game.

Participate
fresh insight:

Detailed inv
taths with
he control t

Possible imv
which would b
with benetit

Facilities Seainar roos with computer Baaing center
and RED projector
Support Minisal: control teas is seall and needed Larges Control teas adeinisters all Large: Cont
sainly to wmonitor distussions during cosaunications and develops new charges coasunicatio
qase, tor each sove. each aove, a
X { Figure 2. Summary of path game formats.
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Multi-Day Gase Forsat

Extended Game Forsat

‘oup of officials ia
ijor golity issue in
nea to new ideas ar

To investigate a large, cosplex problea
and expase a large nusber of officials to
@ wide array of related issues.

To examine in detail a relatively well-
deiined probles in order to formulate
gnlxcy recopsendations and educate statf
level officials on cosplezities involved
in relevant probles.

aber of people In new
es with sore ispact
iefings ar reports;
Pnusly unrecognized
a5 @ by-product of
!

(1) Educate a large nuaber of geo le in
extrealy complex issues; (2 tnnger
length of gaee and increased role ot
tontral team increases tangible output
froa game,

{{: Forsulate policy recomsendations due
to increased focus of gase and ability to
aciomodate more data analysis.

enced players limits
)gible out~uts such as
jsaendations; (2) Meed
i of a gamng renter
logistical probless.

(1) Logistical probleas include: need for
qanine center, large tise cosaiteent and
resulting pliyer turnover as sany
participants are unable to attend entire
gase, rost, control over sensitive game
saterials; (2) Cost-effectiveness is less
than with other foraats.

{1} Lisited utility for education and the
nezd for experienced players; (2) Narrow
focus of game limits ability to identity
ney issues; (3) Logistics are cosplex and
th» support +{roa the control team amore
exsensive.

‘Luay 3 - & days > 1 sonth

éﬂours 4 hours 4 hours

Four 1 day > 1 week
Three with possible replay of first Three

Yeplay of first sove

aove

en or closed

Either apen or closed

Either open or closed

Control, breen)

]
(Biue, Red, Control, Green}

3
{Blue, Red, Control)

-5

40 - 50

30 - 40

ide experts to provide

estigation of one or

aders in crder to add

Participate as outside experts to provide
fresh insights.

Detailed investigation of ane or aore
aths with some inter-sove analysis by
he control tean.

Possible involveent on last day/move
which would be a repliz of first sove
with benedit of hindsight.

Participate as outside experts to provide
fresh insights or play experimental gases
to further develop the technique.

lnvestigate specific policy issue and
furaulate recossendations  based oOn
analysis provided by control teas.

Urlikely that senior decision-sakers
would be directly involved, only briefed
on results.

q center

Baming center

basing center

teas administers all
develops new charges

Large: Control teaa adainisters all
communication, develops new charges for
each move, and perforss data analysis.

Ertensive: Control teas perforss muth
analysis between aoves, develops eore
dctailed charqes for each aove, in
addition to 03|inisterinq and scheduling
each seeting.

—

ary of path game formats.




supplemented by individual players representing red and green
teams, to address all of the major questions. Within these
constraints, a mini-game can bring together a group of
knowledgeable officials and outside experts to discuss a set
of interrelated issues in the format of a structured seminar.
This format is best suited for identifying issues and
questions which have not be adequately considered, but must
be in order to obtain a preferred future goal. While going
through a simulated decision-making process, the players
themselves can become better educated both in the substance
of the issues under consideration and in the best means of
approaching a problemn.

The two main characteristics of a mini-game are the
short move duration and minimal inter-move duration. Moves
are approximately one hour long and are played essentially
without any break between moves. These two attributes
combine to place severe time constraints on the players. The
discussions must not become sidetracked on irrelevant issues.
The style of play is inherently open and all players can
freely interact. Given the short length of the game (i.e.,
four hours), senior decision-makers can easily participate.
However the severe time constraints require that most of the
players, and especially the team leaders, be experienced
players. No more than a few new players can be accommodated

into this format.
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The main strengths and weaknesses of the mini-game

format are summarized in Figure 3.

ONE-DAY GAME

The primary objective of a one-day game is to involve a
large group of people in discussing a single major issue for
which they all are responsible. Many problems that the
Defense Department, other government agencies, and private
industry must deal with are extremely complex with many
interrelated variables. Many different groups or
organizations may be working on different aspects of the
problem, but without understanding how their efforts affect
each other. This understanding can be increased by having
key members from each relevant group participate in a path
game.

The main difference between a mini-game and one-day game
is the relaxation of the former’s time constraints which
permits the use of several teams and inexperienced players.
A one-day game, as the name implies, takes one full working
day to play. Each move lasts for one to two hours with a
break of less than one hour between moves. Thus a game will
consist of approximately three moves. Because the issues
which are addressed in a one-day game are dgenerally broader
in scope than is the case with mini-games, the scale of each

move is typically longer, e.g. one to five years.
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Unlike mini-games, one-day games can be played as either
open or closed. Note, however, that if play is to be closed
then a larger control team may be needed in order for it to
regulate all of the inter-team communications. A closed game
may also require the use of a formal gaming center which has
the facilities to permit the teams to meet individually and
an auditorium large enough for plenary sessions.

The main strengths and weaknesses of the one-day game

format are summarized in Figure 4.

MULTI-DAY GAME

The multi-day gaming format is best adapted for the
purpose of exposing a large number of people to a very
complex and intricate problem. In particular, the issue must
be sufficiently complicated for the control team to need more
than the short break between moves available to them in the
one-day format in order to prepare for each move. In many
respects, a multi-day game combines the advantages ~-- and
disadvantages -- of both the one-day and extended games. It
allows the players to consider a problem in more detail than
is possible in a one-day game, without the time commitment of
an extended game. However, at the same time the players must
be willing to devote three to four consecutive mornings to
the game, an obligation that many busy officials may find

difficult to keep.

xiv




——

‘saweb Aep-duo JO sossoulieam pue syibusiils

¢y 2anbt4g

aured
u1 sis{[eue pa[re}ap S91597eJ)S Ul | UOI}RPUIVUTIOIIY
Aue spnpoul 01 | aSueyo peolq }s33Ing £o1104
Ayiqeur £q pajrwary
uorjeonpa jo suorysanb forjod UoI}edlJ1uapj
ss9o04dd u10J1] 2UIOOINO peoiq ul swajqoxd anss]
109J1pUIl S1 }[NS3Y PAAJOSaIUN 3}BI0T
sisA[eue auwred—aad soyorvoxdde
yonw aaxmbaag pue pue s1daouodo mau 0} uo1yeonpy
aalsuadxa aq Aep dnoi3 adxe] asodxy
ssaueapm Ursuans asodang

Xv




el o

The main attributes of the multi-~day game format are:
the duration of the moves is four hours, which is much longer
than in other formats; and the inter-move duration is one
day, with moves being played on consecutive mornings and the
control team using the time in between for preparing each
move. Given the complexity of the problems for which this
format is designed, typically four teams (including the
control team) are included. A game lasts for three or four
mcves and the last move is usually a re-play of the first
move when the players are encouraged to reconsider their
initial decisions in light of the outcome of the previously
played moves.

The main strengths and weaknesses of the multi-day game

format are summarized in Figure 5.

EXTENDED GAMES

Extended path games are used primarily for the detailed
examination of a well-defined problem, or path, by a group of
staff level officials, mid level managers, and outside
consultants. In addition to carrying out basic research into
policy options, these games can be used to educate some of
the players in the complexities of an issue or to change
their perspective from immediate, short-term problems to
strategic issues and the long term implications of current
decisions. This format is best suited for issues which

required extensive amounts of data analysis.
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The most important attribute of an extended game is the
use of the extremely long breaks between moves by the control
team for analysis. These breaks vary from one week to three
weeks, depending on how much time the control team requires
and the scheduling problems involved in organizing each move.
The moves themselves typically last for a half day, or four
hours, and a game consists of three moves.

A low player turnover is an essential aspect of this
format because a considerable amount of effort will be
expended on bringing the players into strategic mind-set of
the game. They must be familiar with the previous moves,
accept the changes produced in the strategic environment of
the game, and act as if they were in it (e.g., they must be
able to play the game as if they were 5 to 10 years into the
future). If new players were introduced constantly into the
game then this essential continuity would be disrupted and
the control team would have to spend much of each meeting on
briefing the new players.

The main strengths and weaknesses of the extended game

format are summarized in Figure 6.

METHOD OF SELECTING GAMING FORMATS

The most important inputs which determine the most
appropriate gaming format for a given application are: the
purpose of the game itself, the type of topic being addressed

(which could be either narrow and well-focused or broad and
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ill-defined), and the level of resources aval.lable for the
game (including the total amount of time to >e used in the
study) .

Before actually deciding on the gaming format to be used
in a given application, it is essential tha= the game’s
sponsors and developers consider several important trade-
offs. No one format will maximize all parameters. Three
trade-offs are: the relative priorities attached to each
purpose for the game (e.g., education of the players,
identification of issues, and formulation of
recommendations), the continuity of play as measured by the
length of the breaks between moves, and finally the problem
of cost-effectiveness.

The problem of selecting the most appropriate gaming
format is a difficult one. No hard, rigid rules for deter-
mining the best format for a given application exist. Some
general guidelines are offered in Fiqures 7 through 9 in
order to aid the developers and sponsors of path games in
matching their needs to a reasonable gaming format. These
recommendations are grouped according to the inputs discussed

in above. 1In each chart the suggested format is highlighted.
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PREFACE

This report is based upon research conducted jointly for
the Defense Nuclear Agency and the Strategic Defense
Initiative Office under contract DNAO01-85-C-0247 by Harold
Rosenbaum Associates, Inc. The subcontractors for this
effort were GAMA Corporation and Science Applications
International Corporation. The purpose of this contract was
to develop and improve the methodologies of path gaming and
apply them to general problems related to the Strategic
Defense Initiative. This final report covers only the

methodological aspects of this research.
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SECTION 1

INTRODUCTION

Games have been used as an aid for decision-makers such
as military officers, government officials and business
executives for many years. Most of the problems dealt with
in these games have involved relatively short time scales:
battles or international crises. This report describes a
gaming methodology, known as path gaming, which is designed
to study the long range implications of present day
decisions. They are called "path" games because the set of
decisions which transform the current strategic environment
to a preferred outcome in the future can be seen as a "path.
The general technique used to expose the cause-and-effect
relationship between decisions made today and their
consequences in the future is to greatly compress time.
During the first move of a path game, the players make
choices in the current strategic environment, while in
subsequent moves they grapple with the implications of
earlier decisions. 1In this way several years or even decades
can be traversed in only a few hours or days.

Path gaming has been applied to general problems in
national security, arms control, and military strategy.

These uses will be discussed in this report. However, it

should be noted that path gaming can also be applied to




similar issues (i.e., those involving long range planning) in
business and domestic politics.

The main purpose of this report is to aid potential
users of path gaming in determining whether this technique
would be useful for their specific applications, and then to
help them in determining the particu.ar gaming format that is
best suited for their individual needs. In a sense, this
report serves as a path gaming catalog.

In general, a path game can serve three basic purposes.
First, it can be used to educate managers and their staff in
the complexities of broad, strategic issues and in novel
approaches to existing problems, or to expose them to a wide
variety of opinions and perspectives. Second, it can be used
as a decision aide by helping officials in identifying key
issues that will require their attention -- issues that might
not be recognized using more traditional methods. Finally,
path gaming can be used more directly to help formulate
policy recommendations.

The next section opens with a general problem that can
be studied using path gaming, namely, the issue of
modernizing NATO’s conventional forces. This example is
used throughout the report in order to illustrate various
applications of the techniques discussed in each section.

The intent of this chapter is to describe simulation

techniques, including path gaming, and to identify those
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applications where path gaming could prove to be a valuable
research tool.

Section 3 describes path gaming and its main
characteristics in detail. It defines and discusses the
terminology used in this report. For the reader’s
convenience, a glossary of gaming terms is also provided in
an appendix at the end of the report. The next four sections
are each devoted to a detailed description of the primary
gaming formats used in path gaming: (1) mini-games which last
only four hours and involve approximately a dozen players;
(2) one-day games which can include several teams and as many
as 50 players; (3) multi-day games where each move is played
in the morning of several consecutive days; and (4) extended
games where consecutive moves are separated by one or more
weeks, allowing detailed analysis to be performed between
moves. Each chapter includes a discussion on the purpose of
the format, a description of its main attributes, and an
evaluation of its strengths and weaknesses.

The final section provides some general guidelines on
selecting the most appropriate gaming format given the
purpose of the game, the type of problem being addressed, and
the level of resources available. These recommendations are
summarized in a series of matrices.

Several appendices are also included: (A) a glossary of
gaming terms, (B) a summary of all of the charts and figures

used in the report, (C) a short overview of some recent path




games in the general area of national security, (D) a
handbook for the development of "Computer-Aided Decision
Simulations,"™ which are also referred to as mini-games in
this report; and (E) a description and evaluation of a
computer program that could be used as a decision tool to
help players in a path game. This computer program is based
on "multiple attribute decision theory" which allows the
analysts on the control team (which monitors and regulates
the play in a game) to assign an overall "figure of merit" to
the outcome of each move, as determined by the players and

interpreted by the control teamn.




SECTION 2

INTRODUCTION TO GAMING

On December 8, 1987 President Ronald Reagan and General
Secretary Mikhail Gorbachev signed the Treaty on the
Elimination of Intermediate-Range and Shorter-Range Ballistic
Missiles. At the same time, however, this treaty dramatical-
ly alters the nature of the militery balance in central
Europe by accentuating the role of the conventional armed
forces of NATO and the Warsaw Pact. In the wake of the INF
Treaty and with the prospect of deep reductions in the
strategic nuclear forces of the two superpowers, the modern-
ization of NATO’s conventional forces has once again become a
major issue confronting the alliance. This problem, like so
many others in the area of international security, is not
purely a military-technical question. It is not, for
example, merely a matter of determining the most cost-
effective means of neutralizing the Warsaw Pact’s tremendous
advantage in main battle tanks. A whole range of political,
economic, as well as military and technical factors affect
the ability of NATO to upgrade its capability to conduct
conventional operations.

A key aspect of this problem that is frequently either
omitted or underestimated is the impact of the dynamic

interaction of the various actors involved in the actual
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decision-making process. This interaction can take the form
of cooperation, competition, or a mixture of the two.

Traditional systems analysis entirely ignores such
problems as European resistance to deploying advanced
conventional weapons simply because they were made by
American companies, and not European ones. Strategic
analysis, while avoiding the emphasis on the quantitative
measures of effectiveness used in systems analysis, has a
tendency to assume the decision-making process is overly
rational and focused. Neither of this qualities adequately
describe a real decision-making process because seemingly
irrelevant factors can and do affect decisions on national
security. For instance, the American public’s resentment
towards foreign competition greatly exacerbates the issue of
"burden sharing”" in NATO. Historical analysis, on the other
hand, can provide a broader perspective for problems of
current interest, but only within the limits historical
analogy. The problems associated with the Lisbon goals of
1952 furnish some interesting insights into contemporary
problems, but the strategic environment of 1988 is radically
different from that of 1952, a fact which severely restricts
the utility of historical analysis.

The dynamics of the decision-making environment directly
involves the interaction of people, and most traditional
research methods do not adequately model this problem.

Gaming techniques, which have been applied to the study of




international crises and wars, can be used to investigate
many long-range planning problems in the area of interna-
tional security. This report will discuss several variants
of a gaming technique known as "path gaming," where a "path"
is defined as a set of strategic level decisions which
connect the current strategic environment to a preferred cne
in the future. The decisions which must be made in order to
move from the current imbalance in conventional forces in
central Europe to a more stable balance at lower force levels
is one example of a path. A key attribute of a Path game is
that it decreases the time between when a decision is made
and when its consequences are felt. In this way it is easier
to understand the long range impact of present day decisions.
As the example of NATO conventional force modernization
suggests, gaming techniques could be a useful means of
understanding of wide range of problems: the impact of US
domestic politics on the ability to create and sustain a
consensus supporting the modernization programs; the role of
inter-service rivalries and joint programs in exploiting the
new "emerging technologies™ in more cost-effective manners;
the effect of the relations between the US and the European
allies in a wide array of issues, from purely military
problems to political issues and even trade and economic
disputes; and the impact of Gorbachev’s "new thinking" on

public’s perceptions of the Soviet threat.




2.1 DEFINITION OF GAMING.

Gaming can be used to put a selected group of experts
into a structured environment where their collective exper-
tise can be exploited more effectively than is possible in
other research techniques. In order to describe the utility
of gaming techniques, a general definition of a "game" must
be provided:

A game is a group of people interacting through an
agreed set of rules in order to achieve a goal.

The four key terms are: "“people," "interacting," "rules," and
"goal." The people (or players) are typically organized into
teams which represent real organizations, countries, or
groups (e.g., the National Security Council, West Germany, or
the American public). The interaction, which can take the
form of cooperation or competition, occurs through a series
of moves during which the players make decisions or perform
actions in order to achieve their stated goal. The rules
which govern the interactions among the players can be either
very specific or purposely left vague. In either case, the
rules are intended to represent "reality” and are
administered by a "control" team.* Finally, the goal can
range from winning a battle to resolving an international
crisis or making decisions on long range planning. A game

need not have any "winners" or "losers."

*The glossary at the end of this report contains brief
definitions and descriptions of the terms used in gaming.
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In fact, gaming is just one form of simulation method.
Others methods include stochastic simulations, mathematical
models, and physical models. Stochastic simulations assume
that randomness plays an important part in the problem under
investigation, and usually rely on computers to perform many
repetitive calculations. Both man-machine and machine-
machine simulations can be used. A simple example of the
former is a video arcade game, and a common illustration of
the latter is a strategic force exchange model. Man-machine
simulations model the interaction of man with either nature
or a formalized opponent.

Mathematical models can be grouped into two broad
categories: analytical models and game theory.* Analytical
models represent real systems by means of a set of equations.

An example is the Lanchester model of combat:

= -b B and = - r R, (1)

QolQ
ct o

where R is the number of "red" troops at a given time t and r
is a measure of their combat effectiveness (e.g., their rate
of fire times the probability that they will hit a "blue"

soldier), and B is the number of "blue" troops and b their

*It should be noted that "game theory,” as this is commonly
used, is not the theory behind the kinds of games discussed
in this report. It is a highly formalized representation of
conflict which relies on linear programming. The theory
behind the gaming techniques covered in this report could be
called the "theory of gaming."




combat effectiveness. These two equations then model the
attrition of both sides during the course of a battle.

Game theory models quantitatively the choices which
people in a conflict situation must make. A simple model is
shown in Figure 10 where a "red" force chooses between one of
two points to attack "blue’s" defenses, and the "blue” force
can reinforce his defenses at either point. The result is a
simple two-by-~two matrix where the entries are the
probability that red’s attack will succeed. Game theory can
then be used to calculate where red should attack and where
blue should defend in order for blue to minimize red’s
chances of success, and for red to maximize his chances of
success.

Physical simulations involve the use of scaled models of
a real system. While commonly used in the natural sciences
and engineering (e.g., the use of model airplanes in wind
tunnels), the military also makes extensive use of physical
simulations in the form of military exercises such as the
annual REFORGER exercises in Europe. The main purposes of
such field exercises are to train the troops to perform their
assigned tasks quickly and efficiently and to test the
validity of current tactics.

In these examples the rules of interaction are well
defined and known, and the goals are very specific. This is
not always the case. 1In general, if the problem can be well

characterized by the rules and a clearly defined goal, then

10




- Topow Axoay3l suwebp go ordwexd 01 sanbta

eEGTO 51 8S900NS JO ayqeqoad pojoodxe S, pay -

owil) 9yl Jo L/1 & uolaal ul

pue ‘awil) 9y} Jo /9 I uo1daa puajep pinoys onig

owily) 9yl Jo L/¢ & uoIsal Ul

pue ‘aowl) ayjy Jo L/t 1 o1dad Moeryje p(noys poy

€

1

Mo nos )10doay], sWe)

-gpasaIns qoeije pay £3111qeqoddy

> uolsoy

=0 90 ey

,,, : 91eljuaouo))
1 uolday
) | - " , ut MoeNny
90 g0 o
p L 9jerlijuaouo,))
= uolgay ul | uoigey ul

OSUBJa(] 2010JUIay] osUJI( 3II0JULIY

SoO10 ) s, 9N

- . [

11

s9010)

s, pod




-

———— —

Rl - -

the basis may exist for more gquantitative analysis using the
techniques noted above. On the other hand, if the dominant
part of the problem under investigation relates to the
competition among the major actors, then gaming will prove to
be a valuable research tool.

Gaming techniques can be distinguished by the degree to
which the game’s rules structure the interaction of the
players.* A proper balance must be maintained between
restrictions which focus the players attention on the
specific problem under consideration and freedom which allows
the players to investigate creatively all aspects of the
problem not considered by the game’s developers. One variant
of gaming is very unstructured and provides the players with
much latitude in interpreting their roles. This technique is
most useful when the main issue is to understand the
constraints on a given problem or to illuminate the
complexity of the interaction among the key actors. In the
example of NATO’s conventional force modernization, this
free-style gaming could be used to investigate the political
problems in coordinating the programs of the major NATO
allies in joint ventures to produce advanced weapons. A
second variant is more controlled and is designea to solve a
well-defined problem. 1In this case the players have

significantly less freedom in re-interpreting the main

*For a discussion of general gaming techniques, see Clark C.
Abt. Serious Games. (New York: Viking Press, 1970): pp. 89-102.

12
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issues, and the rules are more specific in governing the
game’s play. An example would be a game where a group of
military officers from NATO countries use a postulated
conventional force structure and existing NATO military
doctrine to plan and organize a defense againsﬁ a given
Warsaw Pact attack. The purpose of this game would be to
assess the effectiveness of a proposed modernization progran.
A third variant is a highly structured game where the players
are given little leeway to reinterpret the assumptions behind
the game’s scenario. The main function of the game is to
train the players to perform specific tasks or to behave in
certain ways under given conditions. Military training
exercises are the most common example of this variety of
game.

These techniques can be applied to three general
problems in the area of international security. War gaming
is perhaps the best known application due in large part to
its long history. Since the end of World War II and espe-
cially with the large scale deployment of nuclear weapons,
another application has become more prevalent, namely crisis
gaming. In this case, a military engagement is not modeled,
but rather the incidents leading up to a possible war are
studied with the intent of avoiding an actual conflict. A
third application, which forms the main topic of this report,
emphasizes the long range planning process, including both

the development of strategic policies and forces.
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Gaming can be used for thr: : basic purposes: (1) educa-
tion, (2) formulation of poiicy recommendations, and
(3) identification of key issue:. Although all types of
games can be used for a variet' of objectives, each is best
suited for a particular purpos:. One of the main functions
of this book is to aid the reaijer in determining the specific
gaming techniques that is best suited for his or her par-
ticular interests.

Games are used to educat : either a large or small
audience of officials at the staff level, mid-level manage-
ment, or senior level management. For example, a game can
use a group of experts who are experienced in gaming tech-
niques to expose a small number of senior decision-makers to
a wide variety of view points and encourage them to examine
strategic issues in novel ways. The purpose of education
could be to present game players with (1) issues and opinions
to which they do not routinely come into contact, (2)
particular problems which require their attention but for
which more traditional research methods are inappropriate, or
(3) new modes of thinking (e.g., to encourage them to change
from thinking primarily about short-term, day-to-day problems
to devoting more consideration to long rangz2, strategic
issues). A gaming exercise can have a significantly greater
impact than more standard briefings or written analyses.

Alternatively, the purpose of the game could be more

tangible: players could be tasked to make recommendations

14




re jarding policy changes based on their conclusions from a
gi.ne or set of games. These recommendations could be in the
f rm of changes in broad policies or specific changes in

p rticular programs, depending on scope of problem studied in
t.ie game.

The purpose could also be to identify all relevant
..ssues related to a given problem, and especially those that
might not otherwise be apparent. This could involve iden-
tifying interrelationships among seemingly unrelated issues
or events which have an impact on the decision-making
environment. A game can locate organizations or individuals
which are not adequately involved in a decision-making

process.

2.2 PATH GAMING.

Path gaming is a specific gaming technique which employs
an unstructured, free style game to investigate long range
planning problems with the main purpose of examining the
future implications of present-day decisions by greatly
reducing the normal time lag between a decision and its
consequences from several years to several hours or days.
Their main purpose 1s not to determine the winner or loser of
a conflict, but rather to investigate the decisions which
must be made in order to obtain a desired outcome at some
point in the future. These sets of decisions are referred to

as "paths" because they appear as roads in a diagrams, such

15




as the one shown in Figure 11, which is a schematic
representation of several sets of decisions (paths) related
to the example discussed above. Like other forms of gaming,
the players may be organized into teams representing, for
instance, the U.S., NATO, or the Soviet Union. However,
since conflicts as such are not the main problem being
modeled, path games can be played with only a "blue" team and
a control team.

The problems involved in long range planning are
gualitatively different from those encountered in resolving
international crises or waging war, and consequently path
gaming differs from both crisis and war gaming. Since path
games deal with long range planning, a game can cover as much
as several decades; in contrast, crisis and war games are
usually confined to much shorter periods of time (i.e., days
or weeks). This considerably broader scope means that many
more actors and institutions become involved and a much wider
array of issues must be considered. Because of this com-
plexity, the only form of path gaming that is feasible
involves an unstructured, free style which depends heavily on
the expertise of the players and the skill of the control
team. The more formalized styles which can Se used in war
gaming are inappropriate. Path gaming is concerned more with
the strategic decisions which government officials must make,
and which have major implications over the long term, than

with the extraordinary decisions made under the extreme

16
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pressures of a crisis or war. Unlike crisis or war game,
players feel no sense of pressure or urgency.

Consequently a key problem in path gaming, which is less
relevant in crisis or war gaming, is the large difference in
"real time" (the actual time which the players have to play
the game) and "game time" (the fictitious time used in the
game for how much time each move covers). In other words, a
move in a path game may cover several years of game time
while the players have only several hours of real time during
which to make their moves. Several formats have been
developed to resolve this problem. In a mini-game format a
small group of players are brought together for approximately
one-half day, and each move lasts one hour. A second format
is a one-day game where a larger group of players are
organized into several teams and moves last several hours
with a one hour break between moves. In a multi-day game the
moves last one half day (e.g., an entire morning) and occur
on consecutive days; the breaks between moves are used by the
control team to prepare for the next move. A final variant
is the extended game where moves are separated by one or more
weeks, allowing the control team sufficient time for detailed
analysis of each move. The main characteristics, purposes,
strengths, and weaknesses of each format are discussed below
in Sections 4 through 7.

The first step in the development of a path game is the

creation of a "path diagram" (see Fiqure 11 above for an
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example) in which the game’s developers outline the major
decision points (shown in italics in Figure 11) and the most
likely options at each. This diagram is only a rough "road
map" to guide the game’s developers and the players; it is
meant primarily to focus attention on the key issues, not to
constrain the game to a rigid scenario. The players can, and
should, suggest additional options and decision points during
the course of the game. In addition to the decision points
where the players actively determine the paths to be fol-
lowed, there are alsc points where other variables can
strongly influence the course of events. Here the control
team determines the p:th. For example, Figure 11 also
includes the effects «f the 1988 Presidential elections
because the overall v _ewpcoint of the new President on matters
of national security will have a clear impact on the deci-
sions to be made subsequently.

Before proceeding to discuss the next steps in the
development of a path game,\}t is worthwhile to consider in
more detail the example shown in Figure 11. The first majcr
decision point in this diagram involves a strategic arms
control agreement (START). Although not directly impacting
the problem of conventional force modernization, a START
agreement will affect the general tone of U.S.-Soviet
relations and thus the prospects for further arms control
agreements. If a START agreement is signed, then, depending

on the type of President elected in 1988, it is possible that
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a treaty on conventional arms could be signed. This treaty
could call for asymmetrical cuts in Warsaw Pact forces as
favored by NATO or limitations on dual capable systems (i.e.,
aircraft, missiles and artillery which can use either nuclear
or conventional weaponry) as favored by the Soviet Union. A
third possibility, clearly, is that no agreement could be
reached. 1In the absence of a START treaty, the key issue is
more likely to be the need to redress the imbalance in
conventional forces by increased defense spending by NATO.

As noted in Fiqure 11, there are three obvious alternatives:
increased spending, the status quo, or decreased spending.
The players in a path game could be asked to investigate
under what conditions the NATO allies might agree to increase
their defense spending.

The path diagram is then used to develop the specific
scenario which is to be presented to the players and to
identify the key institutional actors which should be
represented in the game. 1In many ways, this second point is
more important given the unstructured nature of a path game.
A path game is basically a format for a discussion among
knowledgeable people, and thus the kind of experts par-
ticipating in the game will largely determine its utility.
Furthermore, the specific individuals who are to play should
be chosen with care. In general, it is wise not to ask for a
representative from a key organization to represent them in a

game because the players must not only be knowledgeable with
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the role they are to play, but also be familiar with gaming
techniques. It is especially important that team leaders be
either experienced players or thoroughly briefed on path
gaming and the scenario under investigation. The tean
leaders must insure that all players are actively involved in
the game and that the points of view of each organization
represented in the game is considered.

The actual path game itself begins with the control team
presenting the charge to the players, or the specific issues
and questions that each player is expected to address during
the course of the game. Frequently the players will be
considering the same set of questions. A typical path game
will consist of two moves where the players investigate the
issues surrounding two decision points. A final move can be
a replay of the first move where the players can reconsider
their initial decisions with the benefit of the insights
gained during the game, or it can be a general discussion of
the relevant issues uncovered by the players.

Finally, the game’s developers analyze the outcome of
the game both in terms of the main conclusions related to the
game’s topic and the mecthodological issues raised during the
organization and execution of the game. In many cases, the
results from one game can be used as inputs into a series of
games which study a set of interrelated paths, such as those
shown in Figure 11 above. Since frequently senior decisi-n-

makers were involved in the game (often as team leaders)
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post~game briefings are not always necessary. At the same
time, complete documentation of the game is important for use
in the development of future games. Computers can be used
for recording and displaying the discussions during the game
and subsequently for providing a permanent record.

In addition to the example discussed above, path gaming
can be applied to any problem involving long range planning.
For the Department of Defense, these can include the impact
of current decisions regarding research and development
programs or budgets on long range strategic goals or the
interrelationships among such major variables as the concerns
of the Congress and of U.S. allies, the current administra-
tion’s foreign policy goals, the constraints imposed by arms
control agreements, and inter-service rivalries and the
coordinating role of the Joint Chiefs of Staff. When applied
to the broader problems of foreign policy, path gaming can be
used to investigate the connections between domestic politics
and foreign policy and the impact of public opinion. It can
also help avoid approaching regional issues without recog-
nizing the unintended consequences of U.S. policies in one
area of the world elsewhere. In business and industry, path
gaming, because it "compresses time" and forces players to
address the long range impact of current decisions, can be
used to expand the time horizon of management towards longer
range issues. Local politics could also employ path gaming

techniques to sensitize local officials to issues outside of

22




e -y L e

their normal jurisdiction. One such example is transporta-—
tion planning in the northeastern U.S. where federal, state,
and local officials must consider a wide array of econonmic

and political variables which can influence their decisions.?

*see Abt, Serious Games, pp. 91-94 for a discussion of this
example.
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SECTION 3

MAIN CHARACTERISTICS OF PATH GAMES

Path games can be played in different formats depending
on the intended purpose of the game and the resources
available for supporting it. The formats vary from "mini-
games" which last approximately one morning or afternoon to
"extended games" which can last for more than one month,
although the game is not played continuously for the entire
period. This chapter will briefly summarize four path gaming
formats and then define and discuss the main characteristics
which distinguish them. Subsequent chapters will describe
each format and their strengths and weaknesses in
considerable detail.

A mini-game is a path gaming format which entails the
least commitment of resources, and thus in many circumstances
can prove to be the most cost-effective format. A small
group of players (typically between 12 and 18 people) are
brought together with a control team of 3 to 4 people to
discuss an issue. Since the game lasts for only one half day
(4 hours), the questions addressed by the players cannot
involve any amount of quantitative analysis. However, if the
players are knowledgeable and a sufficient number are
experienced in path gaming, then this format is an excellent
means of identifying key issues related to the game’s topic

which have not been considered previously. Frequently simply
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recognizing relevant issues alone will justify the time and
expense of a path game. A second benefit of a mini-game is
the education of a small number of officials through their
participation in one or more games either in a broad range of
subjects or in novel approaches to old problems.

A second variant is one-day game. In this case, a
larger group of participants are involved (from 40 to 50
players), and a formal gaming center is often required in
order to support the multi-team structure of the game. While
a mini-game is organized around a single team, a one-day game
includes from three to four teams, one of which is the
control team. The teams can represent, for example, the
current U.S. administration (blue team), the Soviet Union
(red team), and other related concerns such as the U.S.
Congress or public opinion or the NATO allies (green team).
The game lasts for one entire day, and the durations of each
move being approximately one hour with a short break between
them. The main purpose of this format is the education of
the various players in issues which are outside of their
normal areas of responsibility. Since many of the players
are inexperienced in gaming techniques, the control team is
more active in this format than in the mini-game format.

This is especially true if the play is to be "closed," i.e.,
if the teams are kept apart with all communication occurring

only through the control team.
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A multi-day game is basically an expanded version of the
one-day game in order to allow more complex issues to be
addressed and to provide the control team more time between
moves for analysis. This format significantly relaxes the
time constraints imposed on the players and the control team
in the previous formats. However, the longer length of the
game also increases its costs and decreases the chances that
players will be able or willing to attend the entire game.
The multi~day game format can be used for education, but with
more time it can also be used for identifying key issues or
formulating policy recommendations, although it may not be
cost-effective for the latter purpose. 1In order for this
format to be productive, the control team must be very active
and large enough to perform the required analyses and
regulate play. Rather than the three members used in a mini-
game format, a multi-day game requires a control team of a
dozen or more people.

The final format is called an "extended game" because
the break between moves (or the inter-move duration) is
stretched from one day (for a multi-day game) to one or more
weeks. This long break allows the control team more time for
data analysis and the preparation of more detailed charges to
the players at the beginning of each move. The players also
have more time to digest the game material fully and time to
consult with their colleagues on the issues raised during the

game. The main purpose of this game is to allow the players
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more access to quantitative data and to consider a more
specific question in great detail. An extended game is
intended to have the "feel" of the more structured war or
crisis games. Consequently, this format is best suited for
formulating concrete recommendations or determining the
consequences of proposed policies. For these goals to be
accomplished, the control team must be able to provide
extensive support in terms of botl running the games
themselves and performing the necessary computations.

The main characteristics of tiese four formats are given
in Figure 12 below. Before discus:ing in detail each path
gaming format, the characteristics listed in Figure 12 will
be defined and discussed in the sections that follow. The
first section will cover the attributes related to the gaming
techniques used in each format, while the second section will
discuss the issues surrounding the choice of the participants
in a path game. Finally, some consideration will be given to
the question of level of effort involved in these gaming

formats.

3.1 GAMING TECHNIQUES.

It should be recalled that the definition of a game is a
group of people interacting through a set of rules in order
to achieve a stated goal. When applied to path games, the
goal is the three purpose:; discussed in section 2.2 above:

(1) education, (2) identification of key issues, and
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Mini-Gaae Format One Day Gase Forsat ’

Purpose To use a small Jroug of experts to To involve a large group of officials in To investi
investigate a set of inter-related issues  discussion of 3 major policy issue in and_expase
in a structured sesinar forsat. order to expose thea fo new ideas or 1 wide arr;

approaches.

Strengths {1) Identify sajor issues and actors {1) Educate large nusber of people in new {1} Educate
related to qiven issue; (2) Create group issues or approaches with more iepact extrealy ¢
of experienced players for future use than  standard briefings or reports; length of
including educating small groups of (2) Identify  previously unrecognuea control te
senior decision-sakers. issues or probless as a by-product of from gase,

education.

Meaknesses 1) Severe time constraints restrict use (1) Use of inexperiences plavers limits (1} Logisti
of inexperienced players; (21 Lieited possitilities of tangible outputs such as gnxng_ceni
ability to forsulate specific policy specific polic{ recassendations; (2) Need resulting
recossendations, tor the tfacilities of a gasming center participani

intreases costs and logistical probleas. game, cost,
saterials;
than with ¢

Length of Base 4 hours { day

Move Duration 1 hour 2 hours

Inter-Nove Duration Nane 1 hour

Nusber of Moves Tuo with replay of first sove Three or two with replay of first aove Three

Base Play Open Either open or closed

Nusber of Teass 2 -

(Blue, Control) (Blue, Red, Control, Breen) (Bl

Kusber of Players 12 - 18 4 - 3¢

Type of Players

Consul tant Participate as outside experts to provide Participate as outside experts to provide Partic)pat
tresh irsights or play separate games in tresh insights. fresh 1ns;
preparation of large game or series of
8in -gases,

Staf¢ Investicate one larqe scale move and More detailed investigation of ane or Detailed
several paths or two short scale moves sore paths. aths  wi
with support from consultants. he contr:

Decision-Naker Several senior level decision-wakers Involved as teas leaders 1n order to add Possible
involved in one amini-gase following a realise to gase. which wou
series played by their staf¢. with bere

Facilities Sesinar roos with computer Baaing center

and REB projector

Support Minimal: control teas is saall and needed Large; Control teaa adeinisters all Large:
sainly to sonitor discussions during communications and develops new charges cosaunicd
gane. far each sove. each #ove

Figure 12. Summary of path game for
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b Gane Foraat

Multi-Day Base Foraeat

Extended Game Foraat

} group of ofticials in
sajor policy 1ssue 1R
! thes fo new ideas or

To investigate a lirae, cosplex probles
and expose a large nusber of officials to
a wide array of related issues.

To examine in detail a relatively well-
defined probles in order to forsulate
rnllcy recoasendations and educate staff
level officials on cosplexities involved
in relevant protlea.

nuaber of people in new
ches with sore impact
! briefings or reports;
reviously unrecognized
#s as a by-product of

(1) Educate a large nuaber of ?eo le in
extresly cosplex issues; (2 fonger
length of game and increased role of
control teas increases tangible output
froa gase.

(1) Foreulate policy recossendations due
to increased focus of gase «d ability te
acceandate more data analysis,

feriented plavers limits
tangible outputs such as
ecossendations; (2} Need
ies of a gamng center
prd logistical probless.

(1) Logistical probleas include: need for
ganin?'center large tise cossitsent and
resulting player ~ turnover as sany
participants are unable to attend entire
gase, cost, control over sensitive game
naterials; (2) Cost-effectiveness is less
than with other formats,

(1) Limited utility for education and the
nee¢ for experienced players; (2) Narrow
focrs of game limits ability to identity
new issues; (3) Logistics are cospler and
the support {roa the control team more
exprnsive,

)

aove

1 day 3 - 4 days > 1 sonth
2 hours 4 hours 4 hours
1 hour 1 day } 1 week
bh replay of first sove Three with possible replay of first Three

| open or closed

Either open or closed

Either open or closed

3I-4 4 3
d, Control, breen) (Blue, Red, Control, Green) {Blue, Red, Control)
40 - 50 40 - 50 30 - 40

utside experts to provide

investigatior of ane or

ieaders 1r order to add

Participate as outside experts to provide
fresh 1nsights,

Detailed investigation of one or scre
aths with some inter-sove analysis by
he control team.

Possible involveent on last day/move
which would be a replaz of first move
with benefit of hindsight.

Participate as outside experts to provide
freuh incsights or play experimental games
to -urther develop the technique.

lnvrstigate specific policy issue and
fornglate  recoseendations based on
anaiyeis pravided by control teas.

Unl kely that senior decision-sakers
wou'd be directly involved, only briefed
on results, -

sing center

Basing center

Basing center

teas admnisters al)
and develops new charges

Large: Control teas adainisters all
cossunication, develops new chargec for
each sove, and perforss data analysis,

Extensive: Control teas perfores auch
ana ysis between moves, develops more
detciled charaes for each weove, 1n
add.tion to adsinistering and scheduling
each seeting,

Summary of path game formats.
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(3) formulation of policy recommendations. Since path games
are unstructured, free-style games, there are few rules.
Consequently, the characteristics which distinguish the
various formats are the structure of the interaction and the
kinds of players involved (which will be covered below).

The players interact through a series of moves. A move:
consists of the players making a choice at a branch point
among a set of proposed options or they can develop own
options. In addition, the players are asked to answer some:
questions regarding the decisions they made. Based on this
output, the control team creates a new baseline scenario for
next move and provides the players with a new charge and
questions which they are expected to answered. In path
gaming the main attributes of a move are: the move duration,
the inter-move duration, the move scale, and the number of
moves in the game as a whole.

The move duration is the length of time used for each
move as measured in "real time" (as distinguished from the
"game time" which measures the scaled rate at which time
moves in the game itself). A move must be long enocugh for
all players to participate actively in the discussions and
for all of the relevant issues to be fully investigated, so
that the players can make informed choices at the end of the
move. In addition, there must be adequate time for
administrative matters: briefing the players, drafting the

output from the move, and performing any data analysis. 1If
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the game play is "closed," then the time needed for inter-
team communications must be considered (e.g., there may be a
plenary session where all teams meet together and each team
announces its decisions for the move). At the same time, the
moves should be kept as short as practical in order to avoid
making the game excessively long or cumbersome. As noted in
Figure 12 above, moves typically last from one hour for mini-
games to four hours for the more involved formats.

The time between consecutive moves, as measured in "real
time," is the inter-move duration. This time is useful for
both the control team and the players, and as shown in Figure
12 it is one of the main attributes which distinguishes the
four path gaming formats. The control team uses this the
break between moves for performing various administrative
matters such as the printing, copying, and distributing
materials. If the control team must perform more than just
administrative functions, then the inter-move duration should
be long enough for them to carry out the required analysis.
This might involve the developing and writing of new
scenarios or calculating the budgetary implications of policy
decisions made by the players in the previous move. The
players need a pause in the game play in order to think about
the issues raised in the prior move and to become more
accustomed to the path gaming techniques, especially if they

are inexperienced players.
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The move scale is the length of "game time" per move.

It must be large enough for long range issues to be addressed
in the game, but not so large that the players have
difficulty buying into the new strategic environment in each
move. This latter problem was encountered frequently in
early path games, when the players would still act as if the
"game time” had not changed. Consequently, rather than
having each move transport the players five or more years
into the future, it is best to have the game time move more
gradually with the scale of a move being one to two years, or
even less. Several moves or a series of games can be used to
get players to address long range issues.

A path game will usually consist of two to three moves,
with the last move being a replay of the first move. This
feature allows the players to use the insights gained during
the course of the game to reconsider the initial choices in
move one. After seeing some of the consequences, as
reflected in the judgments of the other players and the
outcomes as determined by the control team, the players may
decide to change their first move. Returning to the example
of NATO’s conventional force modernization,* the blue team
may have decided to forgo the START agreement in move one,
and then discovered in move two that without a strategic arms

control agreement both the U.S. Congress and the NATO allies

*See Figure 11 above for the Path Diagram used in this
discussion.
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were unwilling to increase their defense spending. Under
these circumstances, the START treaty may appear more
attractive than the players on the blue team initially
believed. During the replay of move one, the blue team may
decide to reconsider their opposition to a treaty. The
essence of path gaming is for players to consider to
consequences of near term decisions on long range goals. The
replay of the first move is a valuable mechanism for
achieving this purpose.

In addition to the formal structure of the moves, the
interaction of the players can be described by the "style" of
game play, the number of teams used in the game, and by the
ways 1in which computers are used to aid game play.

The style of play can be either "closed" or "open,"
which basically refers to how freely the players on different
teams can interact. 1In closed games not only do the teams
meet separately, but also the control team regulates all
inter~-team communications. For example, the red team would
not directly speak with the blue team; instead all
communication would go to the control team which would
determine exactly what portions of the red team’s message
would be sent to the blue team. This style of play adds
realism to the game but at the expense of complexity and cost
(because the control team must be large enough to handle this
task). The moves must be structured so that inter-team

communications do not interrupt the flow of the game. 1In
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open games, on the other hand, the teams are allowed to
interact directly (either verbally or in writing) without the
control team restricting the flow of information. Open play
is less realistic and makes the game less structured, but
since the purpose of path gaming is not to modei the real
world, as such, this loss is not serious. 1In fact,
permitting the teams to interact openly may be beneficial
because the members of the blue team (who may be officials in
the DoD) may profit from being exposed to the arguments used
by the red team (who may be analysts from the intelligence
community or academia) without any interference from the
control team.

A path game can consist of as few as two teams (a blue
team and control team) to as many as four (blue, red, green,
and control teams). This color coding scheme is used as a

short hand for the following convention:

Blue Team: represents the organization, institution,
or group which is sponsoring the game, or
the main actor(s) making the decisions in
the game;

Red Team: represents the blue team’s main
competition or the organization(s) to
which the blue team must react:

Green Team: represents the other related
organizations, institutions, or groups
which are not in direct competition with
the blue team and are grouped together
into one team for simplicity;

Control Team: represents higher level decision-making

authorities (above those explicitly
included in the blue team itself) and is
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used to perform routine administrative
functions.

For applications in international security, the blue
team could be the executive branch of the federal government
(including the National Security Council staff, State and
Defense Department officials, and members of the Joint Chiefs
of Staff); the red team could be the Soviet Union; and the

green team could b

a combination of domestic and foreign

(0]

groups (including the U.S. Congress, the NATO allies and
public opinion in Europe and the U.S.). When applied to
business and industry, the blue team could be a given company
and the red team its main competitor; the green team could
represent consumers and various government regulatory
agencies.

The number and kinds of teams to be used in a path game
is determined by the game’s developers when creating the game
scenario using a path diagram. There may be nc need for a
green team if the main issues revolve around the direct
competition between two groups. In some cases, there may
even be no need for a red team because the main problems may
be internal to the blue team. If the key issue is internal
disagreements within a given organization on how to approach
a problem, then both the red and green teams may be
irrelevant.

The size of each team is usually between 10 and 20

people. The blue team is the largest team because it is the
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focus of attention. The green and red teams can be fairly
small if either are seen as peripheral actors. The size of
the control team depends on the functions which it is to
perform: in mini-games where it serves mainly to keep a
record of the game and facilitate the game play, the control
team may be three to five people, whereas in closed multi-day
games it can be a dozen or more people. It should be noted
that the more players that are included on a team, the less
chance that all players will be active participants.
Consequently, if the move duration is to be one hour, the
teams not be much larger than a dozen people. The number of
teams times the size of each team will determine the kind of
physical facility needed to play the game, and hence the cost
of the game.

Computers can be used to perform various functions
during a game, and with the widespread availability of
personal computers they can be used extensively even in small
path games. A personal computer linked to an RGB (Red-Green-
Blue) projector can be used to display game materials such as
the description of the scenario, the charge to the players,
or other information required by the players.* A computer is
also a useful too in maintaining a record of the proceedings
of the game. It can be used to display the notes taken by

the control team of the discussions and chart the decisions

*An RGB projector can display the contents of the computer’s
monitor on a screen so that all players can easily view the
computer’s outputs.
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and choices made by the players. This will help keep the
game focused on the key questions. If the game play is
closed, then a computer network at a gaming center can be
used to facilitate the inter-team communications. Finally,
the calculational speed of a personal computer can, in
principle, be used to perform guantitative analysis in games
which rely on numerical data, e.g., budgets or force levels.
The control team or even the players themselves can perform
the calculations.

However, two limitations on the use of computers should
be noted. First, one should avoid unnecessarily distracting
the players’ attention away from strategic issues and towards
minor details. Excessive use of numerical output from
sophisticated computer software can easily cause the players
to become more concerned about utility of and assumptions
behind the calculations. Second, given the unstructured
nature of path gaming, anticipating the precise kinds of
calculations that might be required by the players is
difficult at best. Thus, the control team can respond to
requests for specific calculations, but must be expected to
have enough time to formulate the problem more precisely,
collect the relevant data, and analyze the results. In other
words, the inter-move duration must be sufficiently long
(i.e., multi-day or extended games are the only ones where

this is feasible). Therefore in most path gaming format,
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computers are used only to display game materials and create

a record of the proceedings.

3.2 GAME PARTICIPANTS.

The character of a path game can change depending on the
type of players involved in it. For the purposes of this
report, three different kinds of players will be considered:
(1) consultants, or experts from outside of the organization
sponscring the game(s) (e.g., professors from academic
institutions or members of consulating firms); (2) staff, or
the support personnel, and mid-level management working under
a senior level decision-maker; and (3) decision-makers, or
senior executives who are authorized to make strategic level
decisions. Figure 13 summarizes some of the differences
caused by the involvement of each type of player in the
various path game formats discussed above. Note that not all
combinations are possible: it is unlikely that a one-day or
multi-day path game using only consultants would be played
given that the main purpose of these formats is to educate
decision-makers and their staff. Also the time commitment
required for an extended game is probably toco large for the
direct involvement of a senior decision-maker.

The general role of outside consultants in a path game
is to provide expertise in areas beyond the technical
capabilities of the sponsoring organization, especially for

use on red or green teams. In addition they can supply novel
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or unique points of view or approaches to which the other
players would not otherwise be exposed. Their fresh insights
and thought provoking ideas should help stimulate the
discussions during the game and avoid the inbreeding of ideas
which can result if only long-time associates were used.
Specifically, consultants can be used in the mini-game format
in order to carry out the preliminary preparations for either
a large path game or a series of mini-games. In this way
some of ithe more important issues can be highlighted and then
investicated more efficiently in games involving both staff
and decision-makers. Given the complexity of an extended
game, a game using primarily consultants may be necessary in
order tc¢ identify the data and perfect the computer software
needed to play such games efficiently. In general,
consultants are employed to make more productive use of the
players’ time by providing a cadre of more experienced,
insightful players.

Staff level officials and mid-level management are used
to represent the points of view of their organization.
Freguiently they are the main focus of the path game because
they are the ones to be educated so that they are better able
to support their superiors. By exposing tnem to ideas and
points of view outside of their normal area of expertise and
to novel approaches to problems they should be better able
not only to develop options but also to understand the broad

array of issues impacting on strategic level decisions

39




because they will have had some "experience" in making such
cdlecisions (i.e., simulated experience during a gaming
exercise). The majority of players in all gaming formats are
cdrawn from this group, and they provide much of the inputs
used by the team leaders during a game in making decisions.
The main reason for involving senior decision-makers to
expose them to issues and opinions with which they do not
normally come into contact. In addition, they can add more
realism to the games by serving as team leaders. Given their
limited availability, the time of a senior decision-maker
must be used efficiently, and thus some attention should be
given to preparations for a game before their involvement.
For instance, in a mini-game format involving them only at
the end of a series of games played by their staffs
frequently proves to be more productive because then many of
the players will be more experienced in gaming and more
familiar with the key issues. Using the same reasoning,
senior officials can be used on the last day of a multi-day
when, as team leaders, they can replay the first move with
the benefit of the insights gained by their staff during the
first several days of the game. 1In a one-day game, on the
other hand, they should be involved in the entire game in
order to benefit fully from the experience; however, adequate
preparations should be made to insure that the game runs
smoothly. Finally, as noted above, the time commitment for

an extended game is too great for their involvement to be
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justified. It should be noted that in this format the
players must spend a time between meetings preparing for the
next move, otherwise the benefits of the long inter-move
duration are lost.

3.3 LEVEL OF EFFORT.

The amount of resources needed to play a path game is a
strong function of the length of the game. Gaming formats
with long moves make sense only if they involve a large
number of players and consequently large gaming facilities.
In addition, games with long breaks between moves nake
extensive use of the control team to perform analysis. Both
factors drive up the cost of a game.

One important consideration in developing a path game is
the level of support needed from the control team. This
support takes three forms: (1) pre~game preparations,

(2) regulation of the game itself, and (3) post-game
analysis. Before the game, the control team help the game’s
sponsors to develop the scenario to be gamed by playing
preliminary mini-games in order to refine the paths which
need to be explored. The control team can also write the
specific scenario for each game and the charge to the
players, as well as collect any data that might be required
and develop computer programs for use during the game (to
analyze data or display gaming materials). The logistics
involved in the game can be handled by the control team:

scheduling the game, reserving the required facilities,
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inviting the players, and distributing the game materials to
the players (especially if the materials are sensitive or
proprietary).

During the game itself, the control team performs four
majcr functions. First, at the beginning of the game it
introduces the players to the game, the techniques to be
used, and describes both the scenario and the charge to the
players. Second, during the game some members of the control
team will regulate the game play by supervising the
discussions to insure that the players’ charges are
fulfilled. 1In addition, if the game play is closed, then the
control team will administer all inter-team communications.
Prior to each new move the control team produces summaries of
the previous move’s outcome (either verbal or written) and
presents the players with a new charge. Third, some members
of the control team maintain a record of the game’s
proceedings for use during the game and for subsequent
analysis. The use of a computer linked to an RGB projector
allows the players to see a summary of the key points made in
each move, which helps keep the discussion focused on the
most important topics. Finally, the control team can analyze
data as requested by the players, although it should be noted
that this is done primarily between moves when more time is
available. The size of the control team, and hence the cost,

is driven by the need for extensive analysis, monitoring of
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inter-team communications, and the development of detailed
charges for each new move.

Following the game, the control team is responsible for
providing a summary of the game for use in future games. The
summary should contain not only the main findings and
important points raised regarding the game’s topic, but also
the methodological issues encountered during the course of
the game and how they were resolved. It may also be
necessary to provide post-game briefings to either the
players or the game’s sponsor, especially if a series of
related path games were played over an extended period of
time.

The second factor which affects the overall cost of a
game is the facilitiess needed in order to play the game
itself. The simpler game formats, such as the mini-game
format, are inexpensive primarily because they require little
more than a seminar room large enough for one or two dozen
people (the players plus the control team and support
personnel). On the other hand, the more complex formats may
require the use of specialized gaming centers which have
interconnected rooms for each team to meet separately and be
monitored by the control team. A large avditorium is needed
for plenary sessions when all teams meet jointly. 1In
addition to standard audio-visual equipment, computer

terminals should be available to both the control team and
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the players.”

In the four chapters that follow, the main
characteristics, strengths and weaknesses of each of the four
path gaming formats will be discussed. These chapters will
thus provide a catalog of gaming formats from which the
reader may wish to choose. To aid in deciding which format
is most suitable for a given application, the final chapter

provides some guidelines in selecting the optimal gaming

format.

*An example of a government owned gaming center is the War
Gaming and Simulation Center (WGSC) at the National Defense
University in Ft. McNair, Washington, D.C. This center has
an 8,000 square foot facility with a staff of 23 personnel.
The computer hardware available at the center is a

VAX 11/785. The center has an auditorium with seating for
66, three principal game rooms, and a closed ~ircuit TV
system which links together the auditorium and the gaming

rooms.
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SECTION 4

MINI~-GAME FORMAT

In this chapter the simplest and least expensive gaming
format will be described in terms of the basic purposes that
it can fulfill, the specific gaming techniques involved, and
its main strengths and weaknesses. Appendix D at the end of
this report contains a handbook for the development of mini-

games, also known as "computer-aided decision simulations"®

(CADS) .

4.1 PURPOSE.

The main attribute of a mini-game is its simplicity, but
like many simple tools it can be used best only for certain
types of applications. A mini-game, because it involves a
small group of players, can help understand the main
parameters of a given problem, rather than actually resolving
a problem. However, the problem addressed in a mini-game
should be relatively limited in scope. 1In particular, it
should be sufficiently narrow for a blue team, supplemented
by individual players representing red and green teams, to
address all of the major questions.

Within these constraints, a mini~game can bring together
a group of knowledgeable officials and outside experts to
discuss a set of interrelated issues in the format of a

structured seminar. A single mini-game can investigate one
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path with two branch points or two pa:hs emanating from a
single branch point. Alternatively, 1 series of mini-games
can explore several different paths, 1 process which
resembles an extended game.* This format is best suited for
identifying issues and questions which have not be adequately
considered, but must be in order to obtain the preferred
future goal. One possibility is that the players could
identify an organization, individual, or group either that is
not involved in the current decision-making process or whose
expertise is not being utilized. While going through a
simulated decision-making process, the players themselves can
become better educated both in the substance of the issues
under consideration and in the best means of approaching a
problem. Given the severe time constraints involved in a
mini-game, most of the players must be experienced in path
gaming, and thus the use of mini-games for education is
limited to a handful of people per game.

In order to understand more fully the purpose of a mini-
game, it is worthwhile to consider some potential
applications using the example of NATO’s conventional force
modernization discussed in Section 2 above.

The problems associated with cooperation between the

U.S. Army and Air Force in developing long range strategies

*See Section 7 for a discussion of extended games. A key
difference is that an extended game examines only one path in
great detail, while an series of mini-games study several
paths in less detail.
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for modernizing U.S. conventional forces used to meet
America’s many foreign commitments is one that could be
studied using the mini-game format. This issue may have been
identified in previous analyses as an important problem. The
impact of severe budgetary constraints and restrictions
imposed by possible arms control agreements, especially if
arms control is a high priority of the game’s President, are
two issues that could be investigated by a single blue team.
The major actors who would be represented in the game could
include: President, National Security advisor, 3Secretary of
Defense, Chairman of the Joint Chiefs of Staff, Army and Air
Force Chiefs of Staff, other representatives from the Army
and Air Force as indicated by pre-game analysis, and the
Chairmen of the House and Senate Armed Services Committees.
These players could then be supplemented by an expert on the
Soviet Union and one on NATO.

The purpose of the game would be to gain an
understanding of the trade-offs that would have to be made
between Army and Air Force programs, who should be involved
in making these trade-offs, the relevance of European
concerns in these trade-offs, and the questions that would
have to be answered before entering any arms control
agreements. The educational purposes of the game would be
satisfied if, for example, the military representatives would

became more sensitive to Congressional concerns.
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A second possible application might be the development
of a joint U.S.-European plan for NATO force mecdernization,
including industrial cooperation, arms control and burden
sharing. However, in this case the key issues would involve
the interactions between the blue and green teams and a mini-
game format would tiius not be appropriate. If either the
U.S. or Europe were treated as a unitary actor (e.g.,
represented by a single player) then much of the value of
gaming would be lost. A mini-game format might be useful if
pre-game analysis indicated that this larger problem could be
broken down into smaller components, which could then be

modeled using a mini-game.

4.2 DESCRIPTION.

As discussed above, two main characteristics of a mini-
game are the short move duration and minimal inter-move
duration. Moves are approximately one hour long and are
played essentially without any break between moves. These
two attributes combine to place severe time constraints on
the players. The control team and the team leader must
ensure that discussions do not become sidetracked on
irrelevant issues, and that the charges given to the players
are addressed. Consequently, only one team (excluding the
control team) can be accommodated into this format:; there is

no time for inter-team communications.
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The basic structure of the game is therefore very
simple: (1) at the beginning of the game the players are
briefed on the scenario and given their charge for the first
move; (2) move one is played for approximately one hour;

(3) the control team quickly summarizes the outcome of the
first move and gives the players the charge for the second
move; (4) move two is played for one hour: (5) again the
control team summarizes play up to this point in the game and
gives the players the charge for the final move; (6) move
three is played for one hour.* The final move may be either
a replay of move one or a general discussion of the game,
depending on which the countrol team thinks would be most
beneficial. A sample agenda for a mini-game is shown in
Figure 14.

Since only one team is involved in a mini-game, the
style of play is inherently open and all players can freely
interact. The "red" team, for example, is represented by one
player, and the blue team players are able to get his or her
reaction to their proposals directly. The gaming facility
required for this format is very simple: a seminar room able
to accommodate 12 to 18 people comfortably and several
personal computers connected to a RGB (red-green-blue)

projector. The control team needs to consist of only three

*Note that only three hours is nominally allocated to game
play with the remaining hour being taken up by the briefings
before the game and before each move and used to provide the
players some leeway if moves run over one hour.
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10:

10:

11:

12:

:00

TIME

1

10:15am

Figure 14.

ACTION
Introduction to game and pre-
game briefing
Move 1

Move 2

Working lunch and review of
Moves 1 and 2

Move 3

Sample agenda for mini-game.
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to five people: a team leader to moderate the discussions,
one or more computer operators, and a someone to take notes
of the discussions. 1In this application, computers are used
only to display gaming materials and a record of the game’s
discussions.

Given the short length of the game (i.e., four hours),
senior decision-makers can easily participate. However the
severe time constraints require that most of the players, and
especially the team leader, be experienced players. No more
than a few new players (which most likely includes senior
decision-makers) can thus be accommodated into this format.
The majority of the players should be either outside
consultants or staff level officials (who can become
experienced players by participating in several preparatory
mini-games).

The need for pre-game briefings can be minimized by
controlling the individuals invited to participate in the
game: only officials or consultants who are already familiar
with the specific topics addressed in the game should be
included. 1In this format it is unwise to invite an
organization to send their own representative because then
the control team will not be able to irsure that this person
will be "up to speed" and capable of actively participating
in the game.

The logistics of a mini-game are considerably simpler

than those associated with the other game formats discussed
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below. The short length minimizes scheduling conflicts,
which for long games can become a problem. The small number
of players simplifies the control over their selection and
reduces the problem of player turnover during the game. In
the longer game formats, some players may not be able to
attend the entire game, and their replacements will need to
be briefed on the status of the game and their role. This
problem is not present in mini-games. In addition,
confidential gaming materials can be controlled easily,

allowing sensitive topics to be discussed.

4.3 STRENGTHS.

The main strengths and weaknesses of this format in
satisfying the three main purposes for path gaming are
summarized in Figure 15. The discussion in this section and
the next will further explain the main points shown in tbhis
matrix.

The chief value of this format is its ability to help
the players identify issues which have not received adequate
attention. Frequently, when extremely complex problens,
especially those involving long range planning, have many
facets which must be considered early in the process and
before they become major obstacles. Path gaming and
particularly its most open and free-form style is a valuable
tool in aiding senior decision-makers identifying these

pc .ential problems. General examples of problems which can
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be identified by path gaming but which might otherwise go
unnoticed include organizations or individuals who either are
not or feel that they are not adequately involved in the
decision-making process. The investigation of the complex
interrelationships of the variables involved in the process
can reveal useful insights into how seemingly unrelated
issues can impact the attainment of a given long range goal.

A second strength of mini-games stems from their low
cost: they can be easily replayed in order both to research a
set of related paths and to create a set of experienced
players. The other formats are all relatively expensive to
run and thus must be use sparingly, but mini-games, although
less powerful tools, can be played repeatedly and thereby
achieve impressive results. 1In many issues the detailed
investigation of a single path into the future is not useful
given the degree of uncertainty associated with many of the
relevant variables. A series of mini-games, each of which
can provide a quick overview of a different path, can then
given a senior decision-maker more useful information.

In addition to creating a cadre of experienced players
(assuming that many of the same people are used for the
entire series of dgames), mini-games can be used to educate a
small group of people in both path gaming and the substantial
issues dealt with in the game. The severe time constraints
of this format mean that the game play must be efficient and

the use of too many novice players will slow down the game.
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However, the use of a few new players with an experienced

group of players is an excellent device to introduce people
to path gaming.

Finally, the mini-game format can be used to make policy
recommendations to deal with problems that the players have
identified. Given that the games are very unstructured only
broad recommendations regarding long rande strategies can be
made. A series of path games, when their overall results are
combined, can help develop very reasonable policy options
because the implications of each will have be already

examined.

4.4 WEAKNESSES.

This gaming format, however, is not without its
weaknesses. Mini-games are optimized for the purposes cited
above, and thus are ill-suited for other furctions. For
example, if sponsor wishes to educate a large number of
people in the complexities of a given issue, then this format
would not be a good alternative. The need to keep the number
of players to a minimum, the use of many experienced game
players, and the severe time constraints mean that mini-ganes
cannot be used efficiently to expose many people to the
intricacies associated with a problem or to broaden their
perspectives. Some of the other gaming formats discussed

below are better adapted for this purpose.
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Since a mini-game is extremely unstructured but also
operates under severe constraints, the players do not have an
opportunity to investigate issues in any detail. They must
restrict themselves to broad, strategic concerns. The
control team has little time between moves to develop
detailed new charges for the players for each new move, and
even less opportunity to perform quantitative analysis. The
result is that mini~games cannot be used to develop specific
recommendations regarding, for instance, investment
strategies, explicit changes in particular programs, or the

other precise policy options.
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SECTION 5

ONE-DAY GAME FORMAT

This section will cover a second format used frequently
in path gaming, namely the one-day game. Its main purpose
will be discussed first, followed by the gaming techniques

that it employs and its basic strengths and weaknesses.

5.1 PURPOSE.

The primary objective of a one-day game is to involve a
large group of people in discussing a single major issue for
which they all are responsible but with which they may not be
fully familiar. Many problems that the Defense Department,
other government agencies, and private industry must deal
with are extremely complex with many interrelated variables.
Many different groups or organizations may be working on
different aspects of the problem, but without understanding
how their efforts affect each other. This understand can be
increased by having key members from each relevant group
participate in a path game.

Since, by definition, most of the players will be
inexperienced in gaming, the format used must accommodate
them. A one-day game will frequently be a good compromise.
The severe time constraints of the mini-game format are
significantly relaxed, and the large time commitment of a

multi~day or extended game is avoided. The issue addressed
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in the game need not be as narrow in scope or as well defined
as with these other formats. The use of several teams will
encourage players to adopt alternative perspectives (e.qg.,
Americans may adopt the perspective of Europeans or mid-level
manager may adopt the longer term perspective of a senior
manager) .

A possible application of a one-day game is the
development of a joint U.S.-European plan for the
modernization of NATO’s conventional forces under the
constraints of arms control and limited defense budgets. The
purpose would be to expose U.S. officials responsible for
programs in the area of the general purpose forces to
European concerns in such areas as burden sharing, risk
sharing, threat perception, and economics. A mini-game would
be inappropriate because, in this case, the European
perspective is not a peripheral one and a green team must be
explicitly included in the game.

Many other types of issues, however, cannot be handled
within the constraints of this format. If, for example, the
question was to develop recommendations for overcoming
problems in U.S.-European industrial cooperation in joint

weapon programs, then the use of inexperienced players and

‘"the relatively short inter-move duration would make it

difficult for the players to assimilate the necessary
information in an unfamiliar environment. The players’

attention should be focused on understanding the problem and
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becoming acquainted with gaming techniques, not on actually
formulating policy recommendations. At the same time, if
these officials become better educated, clearly they are
better equipped to support senior decision-makers in

constructing policy options.

5.2 DESCRIPTION.

The main difference between a mini-game and one-day game
is the relaxation of the former’s time constraints which
permits the use of several teams and inexperienced players.

A one-day game, as the name implies, takes one full work day
to play. Each move lasts for one to two hours with a break
of less than one hour between moves. Thus a game will
consist of approximately three moves. Because the issues
'hich are addressed in a one-day game are generally broader
in scope than is the case with mini-games, the scale of each
move is typically longer, e.g. one to five years.

The structure of a typical game is the following:

(1) Before the game starts, the control team introduces the
players to path gaming, briefs them on the scenario, and
provides each team with *their charge for the first move. 1In
this gaming format, this step is extremely important because
it must be assumed that the players are ﬁnfamiliar with path
gaming and must therefore be "brought up to speed" guickly in
order to avoid wasting valuable game time. (2) The first

move is played. The general design of a move is first for
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the teams to meet separately to discuss their strategy for
the move, then for all teams to meet together in a plenary
session, and finally for each team to generate the outputs
required by their charge. (3) During the inter-move break,
the control team analyzes the output produced by all of the
teams and develops new charges. The players can use the
break to digest the materials presented to them and prepare
for the next move.* (4) The control team then briefs the
players on the outcome of the previous move (as determined by
the control team using the players’ outputs) and provides
them with their new charge for the next move. Steps 2
througii 4 are then repeated for each move. Figure 16 is a
sample agenda.

Unlike mini-games, one-day games can be played as either
open or closed. Note, however, that if play is to be closed
then a larger control team may be needed in order for it to
regulate all of the inter-team communications. A closed game
may also require the use of a formal gaming center which has
the facilities to permit the teams to meet individually and
an auditorium large enough for plenary sessions.

Computers can be used more extensively in the one-day

game format for not only displaying game materials, but also

*In addition, players can use this break for more practical
purposes, namely contacting their office, returning telephone
calls, or any other business related activities. In fact,
the developers of a game should not forget that the players
do have responsibilities beyond playing the game and should
make accommodations for this whenever possible.
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08:30

09:30
09:30
10:30
11:00

11:30

12:00
12:00

01l:00
01:30

02:00
02:30
02:30
03:30
04:00

04:30

Figure 16.

TIME

AM

PM
PM
PM
PM

PM

09:30

11:30
10:30
11:00
11:30

12:00

02:00
01:00

01:30
02:00

02:30
04:30
03:30
04:00
04:30

05:00

z

EEEE

PM

g
c

PM
PM

PM
PM
PM
PM
PM

PM

EVENT

Introduction and
briefing

Move 1

Team discussion
Plenary session
Team decisions

Break

Move 2

Team discussion and
lunch

Plenary session

Team decisions

Break

Move 3

Team discussion
Plenary session
Team decisions

Closing comnments

Sample agenda for one-day game.
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for controlling inter-team communications and analyzing the
output generated by the players. This should allow the
control team to develop more detailed and realistic charges
for the players, something that may be required given the low
level of experience possessed by many of the players.

Typically, a cne-day game involves anywhere from 40 to
50 people, who are divided into three teams as well as a
control team. The teams are lead by a senior decision-maker
and composed of staff officials, mid-level management, and
outside consultants. This combination not only adds realism
to the game, but also allows a senior manager’s time to be
used efficiently because he or she can draw upon the
experience of the other players for both technical advice and
help with gaming techniques.

In this game format, the level of support provided by
the control team can be considerable, especially if the play
is to be closed. Since many of the players are new to path
gaming, much pre-game analysis is needed: developing briefing
materials to acquaint them with gaming quickly, detailed
charges for each team, and background material on the game’s
main topic. Some players may request or require briefings
before participating in the game. However, post-game
analysis, except for documentation, may be less extensive
given that the purpose of this format is education and the
relevant officials would have been directly involved in the

game.
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5.3 STRENGTHS.

The main attributes of one~day games are given in
Figure 17 below. This matrix summarizes the ability of this
gaming format to fulfill the major goals of path gaming.

The chief value of this format is its ability to expose
a large number of people to new concepts and ways of
approaching a major problem in a thought provoking manner.
When contrasted with more traditionai briefings, reports or
seminars, path games can readily be seen as superior in many

respects. First, the participants are actively involved in

the learning process, as compared to passive on-lookers. For
many people learning-by-doing is more informative -- and
interesting -- than learning-by-watching. Second, gaming has

more impact, and thus more chance of changing the ways
officials actually approach their jobs after the game. The
same basic material presented in traditional formats is
likely to be ignored.

A concrete example might help emphasize this point. The
first path game was played in Newport, Rhode Island in 1984
on the general topic of the Strategic Defense Initiative.*
During the course of this game the differing perspectives on
S.D.I. that separated the United States from its European

allies became apparent and the blue team was forced to

*See Appendix C at the end of this report for a short
description of some path games. These summaries will
hopefully provide some more concrete examples of the gamj
techniques discussed in the body of this report.
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confront this directly in order to achieve their tasks in the
game. Simply being told about Europe’s misgivings about U.S.
policies regarding S.D.I., or reading about them in an
analysis did not have the same impact as actually playing out
a hypothetical planning exercise. Senior decision-makers
became mcre sensitive to the impact of their decisions on
U.S. relations with NATO.

This example leads immediately to the second main
strength of this gaming format: namely, the ability to help
identify key unresolved issues. By exposing the appropriate
officials to new ideas, material, and opinions they will be
better able to locate problems of which they were previously
unaware. This outcome is an indirect result of their
education during the game. In other words, the players may
not be able to identify new issues in the actual game itself;
this may occur after they have had time to digest the new
material more fully. In fact, this possibility is precisely

why the general purpose of education is a valuable one.

5.4 WEAKNESSES.

While this gaming format may help officials identify
issues requiring their attention, it is less useful in
formulating actual recommendations to resolve these problems.
The time constraints, while less severe than is the case with
the mini-game, still are such that the players’ attention

should be directed towards a single goal, i.e., in this case

65




education. It is thus unlikely that any concrete policy
recommendations will come out of a one-day game. In order to
improve its capability in this regard, the control team would
have to carry out much pre-game analysis and thoroughly brief
the players prior to the game itself. This might allow the
players to concentrate on resolving a given problem, but it
would not be a cost-effective solution. Other path gaming
formats, such as mini-games and extended games, are better

suited towards this goal.

Unlike the mini-game format, a one-day game can become
an expensive operation. In order to accommodate the large
number of players (40 to 50 people), a large facility is
required. A formal gaming center, such as that at the
Naticnal Defense University, may be nercessary if the game
play is to be closed and sensitive material is to be used.
Scheduling can then become complicated, especially compared
to the simpler mini-games. Consequently it is not cost-
effective to play one-day games for the purpose of conducting
research on a complex topic. Other formats, such as a series

of mini-games, are frequently a superior alternative.
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SECTION 6

MULTI-DAY GAME FORMAT

This section will discuss a third format which was used
early in the development of path gaming. Although the multi-
day format has several serious drawbacks, under certain
circumstances it may prove to be a reasonable alternative.
After describing the purposes for which this format is suited
and its general characteristics, this chapter will cover the

major strengths and weaknesses of multi-day games.

6.1 PURPOSE.

The multi-day gaming format is best adapted for the
purpose of exposing a large number of people toc a very
complex and intricate problem. In particular, the issue must
be sufficiently complicated for the control team to need more
thar the short break between moves available to them in the
one-day format in order to prepare for each move. In many
respects, a multi-day game combines the advantages -- and
disadvantages -- of both the one-day and extended games. It
allows the players to consider a problem in more detail than
is possible in a one-day game, without the time commitment of
an extended game. However, at the same time the players must
be willing to devote three to four consecutive mornings to
the game, an obligation that many busy officials may find

difficult to keep. Consequently, the developers of a path
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game should consider carefully whether the need to examine a
given problem in the detail possible in this format is worth
the problems inherent in it. These drawbacks will be
described in more depth in the sections below.

An example of an issue which could be dealt with in a
multi~day game is the development of a joint U.S.-~European
plan for the modernization of NATO’s conventional forces.
Except in this instance more attention could be given to the
details of a specific aspect such as the problem of "burden
sharing." 1In particular the players could be asked to
address the problems associated with the economic
implications of increased defense sharing, the interrela-
tionships between NATO military strategy and trade relations,
and the implications for the domestic economies and politics
of the member countries.

The control team in this game would need more time
between moves for evaluating the probable impact of the
decisions made in the prior move on the overall military,
economic and political environment for the next move. In a
one-day format there would not be adequate time for such
analysis. In addition, the control team would need time to
write realistic and concise charges for the players. The 24
hour break between moves could prove to be adequate if the
control team took sufficient preparations in order to use

this time efficiently.
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The purpose of this game, it should be emphasized, would
be to educate the players in the key issues surrounding the
problem of burden sharing (e.g., to make them more aware of
the European perspective on burden sharing), rather than
formulating specific policy options to overcome obstacles in
order to achieve a specified goal or the test proposed
solutions. The players would not have enough time to handle

these last two goals.

6.2 DESCRIPTION.

The main attributes of the multi-day game format are:
the duration of the moves is four hours, which is much longer
than in other formats discussed above; and the inter-move
duration is one day, with moves being played on consecutive
mornings and the control using the time in between for
preparing each move. Given the complexity of the problems
for which this format is designed, at least three and
typically four teams (including the control team) are
included. A game lasts for three, or possibly four, noves
and the last move is usually a re-play of the first move
when, as noted in previous formats, the players are
encouraged to reconsider their initial decisions in light of
the outcome of the previously played moves.

The basic structure of a game is the following:

(1) Before the first move, the players are briefed by the

control team on path gaming, the scenario to be investigated,

69

—~——




halt g

- o - g

specific information needed for the first move, and the
charge to be fulfilled by each team. (2) The first move is
played with the teams first meeting separately to discuss and
fulfill their charge and then meeting in a plenary session to
exchange outputs with the other teams under the supervision
of the control team. (3) During the inter-move break the
players are permitted to leave the gaming center”® and the
control team uses this time to collect and analyze the
outputs produced during the move and to prepare both a
description of the new strategic environment and the specific
charges for the players for the next move. (4) On the
following morning the players are briefed by the control team
on the results of their analysis. {5) The second move is
played using the same structure as the first move. The ‘
process given in steps 2, 3, and 4 are repeated for each
move. An example of an agenda for a multi-day game is given
in Figure 18. 1In this variant, the first two moves occur on
the first day.

An alternative structure for a move 1s to have the teams
meet separately for approximately one hour in order to hold
preliminary discussions on their charges. All of the teams
then meet in a one hour plenary session during which the

teams can interact either freely or under the strict

*As noted in previous sections, it is important to consider

that the players have other responsibilities and provide them

time during the game for routine business activities. The
considerable time commitment involved in a multi-day game

makes such considerations an essential part of the game’s structure.
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Day 1

0830-0845
0845-0900
0900-0930

0930-1330

1330-~1400

1400~-1700

Day 2

0290-1200

1200-1630

1630-1645

Figure 18.

Convene

Welcome

Orientation Briefing

Move 1

- Teams
- Teams
- Teams

Prepare Decisions
Report

Make Decisions

(Working Lunch)

Teams Break

Move 2

- Teams
- Teams
-~ Teams

Move 3

~ Teams
- Teams
- Teams

Prepare Decisions
Report
Make Decisions

Prepare Decisions
Report
Make Decisions

Move 4 (Replay of Move 1)

- Teams

Assess DPesitions

(Working Lunch)

- Teams

Closing

Report to Seminar
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0930-1130
1130-1200

1200-1330

1400-1530
1530-1600
1600-1700

0900-1030
1030-1100
1100-1200

1200-1400
1400-1630

Sample agenda for multi-day game.




supervision of the control team, depending on whether the

4 - me 1s open or closed. The teams then meet separately for a
second time in order to make their final decisions for the
move and present the results to the control team. This move
structure is somewhat more complex, but the players can
benefit from the plenary session prior to finalizing their
decisions for a move.

The teams can be comprised similarly to those used in
one-day games: a senior decision-maker for the team leader
and the remainder of the team consisting of a combination of
staff officials, mid level management, and outside
consultants. However, another arrangement can also be used:
during all but the last move the teams can be comprised of
mid level managers, staff officials, and consultants. On the
last move (which would be a replay of the first move), the
teams can be led by senior officials who have been briefed on
the outcome of the first several moves. The last move is
then similar to an expanded mini-game, where the team leaders
can kenefit from the insights and experience gained by the
other players during the first several moves.

The total length of a multi-day game is from three to
four days. Four days would be used only if senior officials
were to be involved on the last move, following an thorough
investigation by the other players on the first three days.
More typically, multi-day games are restricted to three days

because much longer is impractical due to scheduling
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conflicts and expense and much shorter provides only a
marginal benefit over a one day game.

The control team in a multi-day game is relatively
large, especially if the game play is to be closed. 1In
addition, the members of the control team are needed to carry
out a considerable amount of analysis over the inter-move
break, and in order to fulfill this requirement many analysts
are needed and computers are used extensively. But perhaps
one of their most important task is the preparing of the
briefing materials used at the beginning of each move. They
help crient the players in the new strategic environment
produced in each successive move and understand the
implir~ations of their decisions from previous moves. These
materials must be prepared carefully and presented to the
players effectively and convincingly.

The logistics of multi-day games can easily become quite
complicated. First, they require the use of a gaming center
and must be scheduled around the availability of the center.
This availability must then be matched to the schedules of 40
to 50 potential players, which include several top level
managers. While clearly these problems are not formidable,
they do restrict the use of multi-day games. 1In contrast,
rini-games can easily be organized and carried out on
relatively short notice. A further complicating factor is
the problem of player turnover. Frequently a person may be

unable to participate for the entire three days of the game
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and he or she may need to be replaced, for example, by
another representative from the respective organization. If
this problem occurs too frequently, the continuity of the
game play can become disrupted. Finally the simple cost of
bringing together a large number of people for an extended
period of time, renting the gaming center, and the other
associated expenses often make this gaming format an

unattractive alternative.

6.3 STRENGTHS.

The strengths and weaknesses of multi-day games are
indicated in ligure 19 below and discussed in this section
and the next.

Some issues are sufficiently complex and the long range
implications of the decisions involved in resolving them
sufficiently difficult to grasp that a gaming format is
needed which provides the players with more time. A multi-
day game fulfills this requirement. In this format the
control team has an opportunity to provide the players with
realistic -- and defensible -- changes in the strategic
environment produced by their previous moves. Educating
knowledgeable officials using path gaming techniques is
impossible unless they as players "buy into" both the initial
scenario and the modifications in it caused by their actions
and decisions. Since path gaming’s basic purpose is the

understanding of the long range implications of present day
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strategic decisions, this problem lies at the heart of a path
game.

In the case of complex issues, multi-day game may prove
to be the only viable alternative. A shorter inter-move
duration than one day does not give the control team enough
time for performing the necessary analysis and preparing the
briefings for the next move. A longer inter-move duration
reduces the impact of the game as the players do not recall
the details of previous moves during a long break.

The main drawback of the format is the large time
commitment it makes on the players. They must be able to
devote three to four consecutive days to the game. This
problem has two adverse consequences. First, it reduces the
likelihood that some officials would be willing to
participate at all, and if their specific expertise is
desired in order to provide a special perspective, then the
quality of the game will suffer. Second, some players may be
unable to participate for the entire game and may then send a
replacement. These new players, who will be unfamiliar with
the previous moves and possibly with gaming techniques, can

disrupt the continuity and flow of the game.

6.4 WEAKNESSES.
The main weakness with this format is its poor cost-
effectiveness for both research and, under some conditions,

education. A multi-day game is expensive and cumbersome and
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thus its use requires a large payoff in order to justify the
cost. Except for educating a large group of people in very
complex issues, this j.stification is often lacking. In many
cases, this format may result in a slightly better game than
the other alternative., but the marginal improvement may not
be worth the addition:l costs.

Cost-effectiveness is especially a problem if the goal
is research, either 'n the form of identifying key issues or
formulating broad po.icy recommendations. For example, one-
day games cannot be used effectively for research because of
the limited time available for each move. A multi-day game
does give the players more time for reflection, and thus
there is a greater chance that they will be able to identify
new potential problems. However, not only it is difficult to
defend this modest improvement, but also other alternatives
exist which are considerably more cost-effective if research
is the primary objective (e.g., a series of mini-games).

Even in the area of education, other alternatives should
be seriously considered. One-~day games with adeqguate
preparation can accommodate many issues. If the intended
audience is small then a series of mini-games may prove to be

an adequate solution.
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SECTION 7

EXTENDED PATH GAMES

The final major path gaming format is an extended game,
whose name reflects its main attribute: a long break of one
or more weeks between moves. As in previous chapters, the
basic purpose that this format serves will be discussed
first, followed by a description of its most important

features and its strengths and weaknesses.

7.1 PURPOSE.

Extended path games are used primarily for the detailed
examination of a well-defined problem, or path, by a group of
staff level officials, mid level managers, and outside
consultants. In addition to carrying out basic research into
policy options, these games can be used to educate some of
the players in the complexities of an issue or to change
their perspective from immediate, short-term problems to
strategic issues and the long term implications of current
decisions. This format is best suited for issues which
required extensive amounts of data analysis, e.g., ones where
large amounts of budgetary data are involved.

In some respects an extended game is similar to a series
of mini-games, but with some important differences. An
extended game is restricted to a thorough examination of a

single path which was previously identified as one requiring
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further study. It is strongly focused on one particular
aspect of a problem and in each move the players develop
strategies design to achieve a specified goal. While the
extended game format is more structured and gives a path game
more "game-ness" than the other formats, a series of mini-
games retains the unstructured, free-form style of other path
game formats. No attempt is made to provide more organiza-
tion to the game play. Each game considers a different, but
related path which connects the current strategic environment
to possible future ones. A series of mini-game, in fact,
could be used in preparation for an extended game, with the
former used to identify the scenario to be used in the
latter.

A possible example of an issue which could be examined
in an extended game is the problem of U.S.-European
cooperation in a joint weapons program. This choice,
however, presumes that this issue was determined to be an
important part of overall NATO conventional force moderniza-
tion. As noted above this kind of topic is not well suited
for a one-day game because in this format the inter-move
duration it too short for the necessary analysis. Although
the extended game format can be expensive, it is clearly
better to play out a simulation on this topic before
proposing it as the centerpiece of a major NATO modernization

program.

79




kel - . >

In this game there could be three moves, played during
three separate meetings one or more weeks apart, covering the
following basic issues: (1) the design phase of the joint
weapons system, during which the problems associated with
matching the technical and military requirements of each of
the NATO allies to the specific system can be addressed;

(2) the testing and development phase, during which the
problems of technology transfer (e.g., the civilian
applications of military technologies) and modifications of
the system to meet the changing needs of the NATO allies can
be considered; and (3) the production phase, where the
players can be asked to make the difficult decisions of who
should produce which parts of the system and then integrate
them together, taking into consideration the obvious
political and economic implications of these decisions. The
purpose of this game would be to develop an understanding of
how best to overcome the political, economic, and technical
obstacles which could hinder the completion of this program.

In contrast, this format is not well suited for the
examination of ill-defined problems. If the players could
easily identify variables not considered by the game’s
developers but that cannot be ignored, then an extended game
would be inappropriate. Such problems are best handled by
mini-games. An extended game cannot be radically

restructured during the course of the game itself, but the
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basic orientation of a series of mini-games can ~- and

frequently will -- change before its completion.

7.2 DESCRIPTION.

The most important attribute of an extended game is the
use of the extremely long breaks between moves by the control
team for data analysis. These breaks vary from one week to
three weeks, depending on how much time the control team
requires and the scheduling problems involved in organizing
each move. The moves themselves typically last for a half
day, or four hours, and a game consists of three moves.

The basic structure of an extended game is the
following: (1) At the beginning of the first meeting of the
players and before the first move starts, the control team
briefs the players on gaming techniques, describes the
general scenario to be studied and the specific path which
they are to explore, and then provides them with the
necessary background material. Since this format is more
structured than the other one considered above, this pre-game
briefing is more important, both in terms of the description
of the methodology and the scenario. If care is not taken in
this task, then the overall quality of the game will suffer.
(2) Next the actual move is played for the remainder of the
first meeting. The basic organization of the move is similar
to that used in a multi-day game: first the teams meet

separately to discuss the tasks they were charged with,
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second a plenary session is held during which inter-team
communications are exchanged, and finally the teams again
meet separately to make their decisions in order to fulfill
their respective charges. (3) After the end of the meeting,
the control team collects and then analyzes the outputs
produced during the first move. Since the inter-move
duration is on the order of weeks, this analysis can be very
detailed and include modeling work in order to evaluate
guantitatively the impact of the players’ decisions on budget
projections, production facilities, and so forth. This
analysis is then used to produce the new briefing and
background materials for the next move. 1In addition, the
players are expected to make use of this period of time to
discuss the game with their colleaques, reflect on the
results of previous moves, and prepare for the next move. If
both the control team and the players do not use the inter-
move breaks for these purposes, then the extended game format
will not work. (4) The second and subseguent moves are
scheduled and played in the same manner as the first move.
The game play can be either open or closed, depending on
how the plenary sessions of each move are to be handled. An
extended game may include only two teams, namely blue and red
teams, because the use of a third, green team can greatly
complicate the scheduling of the moves. With 10 to 12
players per team, there will be between 30 and 40 total

participants, including the control team. Note that since
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the control team is called upon to perform more tasks in this
format than in the previous ones, it will be fairly large.

The majority of the players will be mid level managers,
staff level officials, or outside consultants. Given the
level of detail in this format and the large time commitment,
it is unlikely for senior officials or decision-makers to be
directly involved in the game itself. As noted above, all
players would have to devote a considerable amount of the
inter-move breaks on the game, and many senior managers would
not be able to do this.

The total length of a game can be one to three months,
and thus the level of support required is high. The control
team would not only be needed for extensive pre-game
preparations and in-game administrative support and data
analysis, but also post-game evaluations become more
important because senior decision-makers would have to be
briefed on the results of the game. In other words, in this
format the process of playing the games and the education
that occurs during that process is not the only purpose of
the games. The players are expected to help formulate policy
recommendations for use in overcome real obstacles in the
real world. These recommendations shoulcd be documented,
their rationale defended, and thoroughly evaluated. The
game’s sponsors, supported by the control team and possibly
by post-game evaluations from some of the players, should

carry out this examination.
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The logistics of an extended game can become complicated
because a low player turnover is vital. Consequently, the
scheduling of each move must be arranged around the
availability of not only a gaming center, but also all of the
specific individuals playing in the game. The difficulties
can be seen by the following: the approximate time for each
move is fixed to within a week by the requirements of the
gaming format, the availability of the gaming center may then
reduce the possible days to a handful, and then from these
few days one must be found when nearly all of 30 to 40
officials are available. This task can be accomplished only
with advanced preparations.

A low player turnover is an essential aspect of this
format because a considerable amount of effort will be
expended on bringing the players into strategic mind-set of
the game. They must be familiar with the previous moves,
accept the changes produced in the strategic environment of
the game, and act as if they were in it (e.g., they must be
able to play the game as if they were 5 to 10 years into the
future). If new players were introduced constantly into the
game then this continuity would be disrupted and the control
team would have to spend much of each meeting on briefing the

new players.
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7.3 STRENGTHS.

The ability of the extended game format to satisfy the
three main p rposes of path gaming is indicated in Figure 20
below. The .ast two sections in this chapter will further
discuss the main points noted in this matrir.

An extended game is the only gaming fo:mrat designed for
formulating policy recommendations. The otaer formats
discussed above are useful for educating ke¢y officials or
helping to clarify the major issues in an otherwise ill-
defined problem. These other format are specifically
designed around these two purposes, and t}us cannot handle
the more demanding computational requirem:nts involved in
evaluating policy recommendations created by the players
during the course of a game. In educational games, all of
the options or choices available to the players can be
designated by the control team prior to the game. Little
analysis needs to be done during the game. In games intended
for identifying issues, the questions are more qualitative in
nature and little to no analysis is called for.

Because its inter-move duration is long, an extended
game can be used to formulate and evaluate policy options.
In addition, the game is more focused on a single specific
issue and on one path. The scope of other formats is too
broad for them to be used in this way. The attention of the
players 1s purposefully distracted away from one, major

issue. This feature is valuable for some applications, but
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is a serious drawback for the formulation of concrete
options.

Finally, the long interval between moves gives the
players the time to digest the material presented to them and
the game’s discussions. In the other formats the play is too
rushed for the participants to have adequate time to think or
to discuss any point raised by one player more than super-
ficially. The pace must be brisk in order for the game’s
demanding schedule to be maintained. The extended game moves
at a slower rate, and the players can be encouraged to
evaluate issues in detail. In this way they are better

prepared to make more concrete proposals.

7.4 WEAKNESSES.

Because the extended game format is designed for the
formulation of policy recommendations, it is not well suited
for other purposes. For example, it has limited utility for
education for the simple reason that it requires a very large
time commitment from the players compared to the other
formats. In addition, extended games work better if most of
the players are more experienced in path gaming, and thus the
game can be used to educate only a fraction of the players.
The mini~game format suffers from the same limitation, except
that since it requires a very small time commitment this

limitation is not a serious one.
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The narrow focus of the game, while advant:ageous for
concentrating the players’ energy on a specific problem,
makes its less likely that it can be used to identify
previously unrecognized issues. In fact, the control team
should purposefully discourage the players from digressing
from fulfilling their specific charge, i.e., solving the
precise problems given to them. The pre-game analysis, which
could include other path games, should be used for this
purpose.

As noted several times above, for this format to work
properly both the control team and the players must spend
time between moves analyzing the game and preparing for the
next move. Experience with this format has shown that
frequently this 1is not done. Players have many other
respoﬁsibilities and may be unable to spend the required time
on the game. The members of the control team must be able to
devote most if not all of the inter-move break on analyzing
the data produced in the game. Strict supervision of such a
large group of people, who themselves work in a wide range of
organizations, is not a feasible solution to this problen.
Consequently, this form of gaming 1is less practical than it

might appear.
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SECTION 8

METHOD OF SELECTING GAMING FORMATS

The purpose of this chapter is to help guide potential
sponsors and developers of path games in determining the most
appropriate format to be used in their particular applica-
tion. First, the most important inputs will be considered:
the purpose of the game itself, the type of topic being
addressed (which could be either narrow and well-focused or
broad and ill-defined), and the level of resources available
for the game (including the total amount of time to be used
in the study). Next, the trade-offs that must be taken into
account will be discussed since frequently no one single
format will satisfy all of the goals of the game’s sponsors
or developers. Finally, some general recommendatioens will be
offered, noting however that no "hard-and-fast" rules can be

made for selecting the optimal gaming format.

8.1 INPUTS INTO THE SELECTION PROCESS.

As discussed above in Section 2, path games can serve
three basic purposes. They can be used to educate the
players in the complexities of a given policy question or new
methods of addressing a given question. They can also be
used to expose and then familiarize the players with gaming
techniques in order to create a pool of experienced players

for use in future efforts. Alternatively games can be
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intended for more concrete purposes: identifying previously
unrecognized aspects of current policy problems or formulat-
ing possible solutions to overcome obstacles.

All games will contain an element of each, but before
actually selecting a gaming format the game’s sponsors should
carefully consider the relative priorities which they attach
to each. The chapters on each individual gaming format
clearly indicated that each format is best suited to
primarily one purpose, and less useful for other applica-
tions. Consequently, this step is the most critical one in
deciding on the most appropriate format.

A second major input is the type of topic being
addressed by the game. The specific problem (e.g., S.D.I.,
modernization of strategic offensive forces, or NATO'’s
conventional force modernization) is not as important and the
scope being addressed. For example, the scope can be
extremely broad to include both political and economic
variables or narrow to incorporate essentially only military,
technical and budgetary factors. The broader the scope, the
less well-defined its boundaries become. 1In this case, the
path games could be played in order to understand better the
parameters of the problem or to broaden the horizons of many
of the policy makers and staff officials directly or in-
directly involved with the problem. On the other hand, if
the problem is well focused, then the types of questions

which are to be considered are qualitatively different. For
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instance, rather than bringing seemingly tangential variables
into consideration to assess their impact on a given ques-
tion, the key issues will center around a detailed evaluation
of a set of fairly well known parameters.

The third important input which should be considered is
the amount of resources available both for planning and
playing the game or games and for evaluating the results.
Although the level of funds which can be spent places obvious
constraints on the kinds and number of games that can be
played, the translation of these constraints into specific
monetary amounts is non-trivial, and this report has
purposely avoided citing costs in specific monetary terms.
Many of the expenses are difficult to quantify. For exampie,
the cost of using outside consultants will depend on their
individual consulting fees, travel expenses, and any other
assocliated costs. The cost of using government owned gaming
centers would be irrelevant for path gaming in private
industry, as would the cost of renting a conference center
for a government sponsor, who might require secure facili-
ties. Consequently, available resources will be discussed
not in absolute amounts, but rather in terms of relative
cost~effectiveness.

One resource that can be discussed in more concrete
terms is time. The sponsor of a game or a series of games
may have a limited amount of time during which to plan,

execute, and evaluate the output from a path game. This
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constraint can place severe limits on the kinds of games that
can be used, especially if a series of games is to be played.
It should be emphasized that, while many of the games
themselves take only a few days to play, much preparation is
necessary in order for these free-form games to be well
organized and thus produce useful outputs. Even mini-games,
which on the surface require little direct preparation, can
be initially time consuming because in order for them to be
effective a pool of experienced players must first be

established.

8.2 TRADE-OFFS.

Before actually deciding on the gaming format to be used
in a given application, it is essential that the game’s
sponsors and developers consider several important trade-
offs. No one format will maximize all parameters. The three
trade-offs discussed below involve the relative priorities
attached to each purpose for the game (e.g., education of the
players, identification of issues, and formulation of
recommendations), the continuity of play as measured by the
length of the inter-move duration, and finally the problem of
cost-effectiveness.

When considering which of the three major purposes of a
path game is the most important one for a given application,
the implications arising from a choice of a gaming format

should be carefully examined. For example, if the primary
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purpose of the game is education, then it is likely that many
of the players will be new to path gaming and possibly even
to many of the details of the game’s topic. This requires
that the pace of the game be kept relatively slow at least
initially in order to allow the players to become familiar
with gaming techniques. On th2 other hand, if the game is
intended to produce more tangible outputs, then more ex-
perienced players will have to be used so that the "warm-up"
time needed by novice players can be avoided and more time
devoted to the subject matter.

Furthermore, the length of both the moves tl.emselves and
the inter-move duration must be longer if the purpose of the
game is to generate output rather than education. 1In the
former case, the players will need more time during each move
because they are being asked to do more and in more detail
than in the latter case. A longer inter-move duration may be
needed in order to provide more analysis for the players to
aid them in making their decisions during each move. In the
case of education, the length of both moves and inter-move
durations should be kept to a minimum in order to increase
th» impact of the gaming technique on them and to minimize
the need for constantly re-briefing them on past moves.

The implications of these trade-offs can be seen by a
simple, hypothetical example. The primary purpose of the
game is to identify the main issues surrounding a policy

question of current concern, and the outputs are to be used
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in subsequent analyses. In addition, the game is intended to
expose some officials to gaming techniques and convince them
of the utility of path gaming. 1In this case some of the
players will be novices, and thus the limitations related to
inexperienced players discussed above apply. The inter-move
duration would have to be long enough to allow for the
necessary inter-move analysis, but not so long as to disrupt
the flow of the game. The length of each move must likewise
be long enough for the players to fulfill their charges, but
at the same time geared to the level of the players (i.e.,
accommodating the number of novice players).

The result of these considerations indicate that a mini-
game format is possible only if the number of new players is
relatively small and a pool of experienced players already
exists. 1In fact, a mini-game is a good device for these
purposes (e.g., issue identification and exposure to gaming
techniques) once a sufficiently large pool of players has
been established, and this is a good reason for ccreating such
a resource. On the other hand, if these conditions are not
met, then a one-day game would be a more reasonable alterna-
tive. This format relaxes the time constraints of a mini-
game and allows the use of more inexperienced players.

Another key trade-off involves the impact of each format
on the continuity of play in the game. One distinguishing
feature of each format is the length of the inter-move

duration; the longer this break between moves is, the more
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play will be disrupted. However, there are both advantages
and disadvantages to long and short breaks. Depending on the
level of resources available, the purpose and topic of the
game, and the kinds of players to be used, some of the
advantages could makz a« format extremely attractive.
Alternatively, the disadvantages could render a format
totally impractical.

A long inter-move duration of a day (i.e., multi-day
game) or several weeks (i.e., extended game) is valuable
because it allows more time for detailed analysis and the
preparation of new briefing materials for each move. The
players will have more time to reflect on the discussion of
previous moves and to digest the material presented to them.
The drawbacks of this prolonged break include the need to re-
brief the players on the results of prior moves and the
resulting changes in the strategic environment, a process
which consumes valuable time. Iong breaks can also result in
player turnover because not all participants will be able to
attend each subsequent meeting. Finally, there is a 1limit to
the amount of new, quantitative analysis that the players can
absorb and thus use during the course of a move. Not all of
the analysis performed during the break can be used.

A short inter-move duration of several hours (i.e., one-
day game) or less (i.e., mini-game) also has several impor-
tant benefits: the player turnover should be low; the

players, once put into the strategic environment of the g =
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and kept there, are more likely to accept its implications;
there is little need to spend time re-briefing the players
during the game. At the same time, the control team will not
have time to perform any quantitative analysis or prepare
detailed charges and new scenarios. This limitation will
make it difficult for time scale of each move to be long. In
other words, the "game clock" can not be advanced very far
after each move because the control team will not be able to
provide an adequate description of a future strategic
environment.

For applications where detailed analysis is essential
because the scale of each move is long or the topic requires
quantitative analysis and player turnover can either be
expected to be small or adequately controlled, the longer
inter-move durations are possible. In practice, these
conditions will be met only if the boundaries of the problem
being gamed are relatively well understood and are not
themselves the issue under investigation. If inter-move
analysis is not essential or if the amount of resources
available for the game do not permit the use of more involved
formats, then the inter-move duration should be minimized.
Game topics where the problems are ill-defined and the game
is to be used for preliminary or exploratory analysis fall
into this category.

The final major trade-off involves cost-effectiveness.

One cannot merely choose the game format that maximizes the
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utility of the game for the problem at hand. Consideration
must be given to the marginal improvements made possible with
each format in light of the resulting increase in costs. The
costs can frequently be intangible and difficult to quantify,
as the two examples discussed below indicate.

Some gaming formats take more time not only to play but
also to prepare. The amount of preparation time, while it
may increase the cost of the game in purely monetary terms,
allows for the more optimal use of the scarce time of senior
decision-makers. The unstructured nature of path gaming can
reduce a game for which adequate groundwork was not laid into
an exercise in futility. The players can easily be
distracted into discussions on tangential issues and become
confused as to their function and purpose. The more time and
effort spent on preparations, the smoother the game will flow
and the less time will be wasted. 1In this instance, the cost
is measured by the efficiency with which time is used.

A multi-day game may frequently appear in theory to be
the optimal format for a given application, especially those
involving complex issues. However, these games are also
expensive and cumbersome in practice. A series of mini-games
can prove to be a more cost-effective solution, even if they
do not produce the same level of output possible with a
multi-day game. One means of approaching the use of mini-
games is to have each game evaluate a different aspect of the

problem, rather than taking on the entire problem in a single
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multi-day game. This approach may help make the problem more

manageable.

8.3 GENERAL RECOMMENDATIONS.

The problem of selecting the most appropriate gaming
format is a difficult one. No hard, rigid rules for deter-
mining the best format for a given application exist. Some
general gquidelines will be offered in this section in order
to aid the developers and sponsors of path games in matching
their needs to a reasonable gaming format. These recommenda-
tions are summarized in Figures 21 through 23 below and are
grouped according to the inputs discussed in section 8.1
above. In each chart the suggested format is highlighted.

A one-day game will frequently prove to be a useful
format for educating a large number of people and familiariz-
ing them with gaming methods. (See Figure 21.) A multi-day
game can also be used, but it involves a considerably larger
time commitment by the players without guaranteeing a
correspondingly larger payoff -- unless the game’s topic is
an extremely complex one. Mini-games and extended games are
useful for education but only if the intended audience is
small. The total number of players in a minijgame is small
(i.e., approximately one dozen) and many of them must be
experienced players given this format’s severe time con-
straints. Consequently no more than a handful of new players

can be accommodated. However, within these limitations a

98




‘osodind uo burtpuadep JewIO HuTweb pPapUSWWODDY Tz sanbtyg

AToVI[u) ! pPooyH
CT:T..{.C; .:A:.I..I.CL
I[YISSO | AToNIIUN

IYISSO]
HOT D11 ) Uop] HOT RPUOTITHO)0Y]
IS aljoadg

saoae(d jo
dinodas [pews  QWERYH poplo)Ny

10] poor)

poon JTrw) ./,1.:I.:__~7.

P00 iy QTR AR ([ —otl()

sdoderd jo

dnoad (pews QTR Ly — FUTy
10} poor

voryeanpy

99




-o1doa sweb uo butpusdap

pooy haay

poor)

poor)

poo

ﬂvqwf-.uAvuﬁ [1oM

»?PO.M.M ﬂv. ,r/

JewlIo] DuUTWeED PIPUSUUOISY

100

poor

poos hiaoy

poon hiary

pottjocq il
PYOIL]

-zz 2inbtd

gty popua Xy

ovey A= N

ole) AR (=9u()

QMR L) — TUTY

100




pPoo9 Moy

pooy fady

(AT )

SO

*gouewrcjaad 3o potaad
uo butpuadep 3FewIOI bultweb papusWWODSY “gg 2anbrg

IYISSO ]

I[YISSO ]

pooY

pooy fiaay

(1A ] — o g)
wnipop

100 ] QuIRY) pPOpUI )XY

100 suIvyy AR -1 N

IYISSKO ] QUIRY) AR (]—all()

poosH Juren —IuUl|

(rowr g )

IRIGRNIN

101




mini-game is an excellent device for introducing decision-
makers to the benefits of gaming, while also exposing them to
wide variety of issues and points of view. Extended games
suffer from similar problems but for different reasons: the
extremely large time commitment and the level of detail
involved limit its utility in education.

If the primary purpose of the game is to help formulate
policy recommendations, then, as indicated in Figure 21, the
extended game format is good alternative. The remaining
formats cannot easily handle the amount of analysis required
in helping to formulate specific recommendations. These
format may be useful in helping to identify potential
obstacles or problems, but less helpful in possible soclu-
tions. It is possible that the broad outline of possible
strategic policies could be suggested.

The main strength of the mini-game format is its ability
to help identify issues related to a given policy problem
that had gone unnoticed. If this is the basic purpose of
playing a path game, then 3 ¢:ngle or, more likely, a series
of mini~games is probably the best alternative. A one-day
game could also be used for this purpose, but since it 1is
restricted to investigating a single path, its ability to
identify issues is similarly limited. Multi-day games sutter
from the same problems as cne-day games. Extended games, due

to their narrow focus are ill-suited for this purpose.
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As indicated in Figure 22, both mini-games and one-day
games are useful vehicles for investigating issues which are
broad in scope with ill-defined boundaries. These formats
are sufficiently unstructured to allow the players the
ability to reformulate the main gquestions posed at the
beginning ot the game. A multi-day game, because it is a
more cumbersome format, cannot he used as flexibly, but it is
still well suited for accommodating broad, wide ranging
topicr While their structured nature makes them less
appreopriate for i1l defineu rroblems, extended games are best
adapted for narrow and well focused topics. Any of the other
formats can likewise be used if the problem is well defined.

Since, as noted above, many of the monetary costs
associated with a path game cannot be readily measured, one
means of assessing the cost-effectiveness is to use the
period of performance for the game, or the total amount of
time required for the conceptualization, preparation,
execution, and analysis of the game. Figure 23 distinguishes
three levels: (1) quick reaction analyses requiring 3 months
or less; (2) more involved studies taking from 6 months up to
a year; and (3) long-term analyses which last for a year or
more.

If the game’s sponsors have approximately 3 months for
the path game, then the only format that is reasonable to
conslider is the mini-game, especially if a pool of ex-

perienced players already exists. As the length of time
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increases to over 6 months, then one or more series of mini-

games can be played or a one-day game can be considered.
While it is possible to prepare a single one-day game in 3
months, more time may be needed for both pre- and post-game
analysis, or for the use of either a set of one-day games or
a combination of mini-games and a one-day game. As the total
period of performance approaches a year or more, any of the
gaming format can be used to analyze a given policy problem.
Both extended and multi-day games, because they rely on
specially developed computer software for in-game analysis,
require more extensive pre- and post-game analysis.

It should be noted that any gaming format can be fit
into nearly any length of time. But a price would have to be
paid in the form of inadequate preparations (e.g., some
players, especially team leaders, not being fully briefed on
gaming techniques) or incomplete post-game evaluations of
both the substantial conclusions reached during the game and
the methodological difficulties encountered -- and the
proposed solutions to these problems. The guidelines shown
in Figure 23 are thus the preferred ones for the optimal use

of path gaming.
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APPENDIX A

GLOSSARY OF GAMING TERMS

Blue Team: This team represents the main actors in the game.
Typically in a path game the U.S. is represented by the blue
team, but frequently this team may represent only the
Department of Defense or the executive branch of the federal
government. The Congress or the public may be represented by

the "green team."

Branch Variable: A major variable which separates two
individual paths is a branch variable. Either the players
themselves or the control team determines the value of the
branch variable. Examples of a branch variables are the
presidential elections and the negotiation of arms control

agreements.
CADS: See Computer Aided Decision Simulation.

Charge To Players: The set of questions and issues which

each player in a path game is expected to address is called
their charge. The game’s developers cfeate the charge for
each player, and the control team and each team’s leader is

responsible for insuring that the charge is fulfilled.
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Closed Play: Games in which each team meets separately and
all communication among them occurs through the control team
are referred to as "closed." The teams may meet 1n a plenary
session at the end of each move, but all interactions are

still monitored by the control team. See also "open play."

Computer Aided Decision Simulation (CADS): This is a form of
path game which utilizes computers to display game material
and monitor game results. This style of gaming is also

referred to as a "mini-game."

Control Team: The control team is responsible for monitoring
the game, providing the charge to the players, monitoring
communications, establishing any changes in the strategic
environment for each new move (e.g., changes in influence and
branch variables), maintaining a record of the game, and

providing the necessary administrative support.

Crisis Game: A politico-military simulation which models an
international crisis and especially the decisions surrounding
the events leading up to a possible superpower confrontaticn
is a crisis game. The scope of a crisis gare is considerably
broader than that of a war game since it involves foreign

policy in addition to purely military considerations.
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Decision Point: 1In a path diagram, a decision point is where
a major decision regarding a branch variable must be made.

The players determine the path to be followed.

Developers Of Path Game: The individuals or organizations
responsible for sponsoring the game and determining its main
topic are referred to as the developers. Frequently, the
developers do not participate in a game as players, although

they may be members of the control teanm.

Environmental Variable: These are variables which affect the
politico-military environment within which players in a path
game must make strategic decisions. Examples of environ-
mental variables are the status of the U.S. economy and the
federal budget deficit, the overall make-up of the Congress,

and the impact of international crises.

Extended Game: A path game format in which the inter-move
duration is one week or more and the move duration is usually
one-half day is an extended game. This long break between
moves allows the control team to analyze the previous move in
detail and develop a new charge for the players, and it gives
the players more time to think over the game materials. In
this format more quantitative data (e.g., budgetary data) can
be provided to the players than is possible in other gaming

formats.
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Format: The basic structure of a path game is defined as a
format. The various formats are distinguished by the move
duration, inter-move duration, game length, number of moves,
number and kinds of teams, style of play (open or closed),
and the number and kinds of players. There are four path
gaming formats: (1) mini-games, (2) one-day games, (3) multi-

day games, and (4) extended games.

Game Time: The rate at which time moves for the purposes of
a game is the game time. 1In path gaming, game time is
greatly compressed compared to "real time" because over the
course of a few hours of real time the game may cover several
years of simulated time. 1In other forms of gaming, game time

could be considerably slower than real time.

Green Team: The actors which influence the blue team’s
actions but do not directly compete with it are included in
the green team. Groups and organizations which can influence
U.S. decision-making but which are not included in the "blue
team" are included in a green team. These interests can
encompass the concerns of the NATO allies, Western or
American public opinion, the news media, U.S. Congress, and
the view points of the so-called "strategic thinkers" found

in academic institutions and consulting firms.
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Influence Variable: These variables do not determine the
direction that a future path will take, but do affect the
magnitude of the impact of a branch variable. In other
words, if an influence variable takes on a certain value,
then the decisions associated with a branch variable could
become more or less critical. Examples of influence vari-
ables are internal DoD politics, the House and Senate Armed
Services Committees, and in certain cases the NATO allies
(i.e., where the topic of the game is not directly related to

NATO) .

Inter-move Duration: The amount of "real time' separating
consecutive moves in a game is the inter-move duration. This
time is used by the "control team" to analyze the results of
the previous move and prepare the new charge to the players
for the next move. 1In addition, the players themselves can
take advantage of these breaks to digest the game materials

and prepare for the decisions to be made in the next move.

Mini-game: A form of path game in which the move duration is
approximately one hour and moves are consecutive (i.e., the
inter-move duration is essentially zero) is a mini-game. The
total length of the game is one-half day, or four hours.
Typically, only two teams are used in a mini-game: a "blue

team" and a "control team.” Given the extensive use of
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computers in order to facilitate the game play, this format

is also called "Computer Aided Decision Simulation."

Move: A game consists of one or more moves during which the
players make decisions and perform actions in order to
accomplish their stated goals. In a move, the players may be
required to answer a set of questions, conclude negotiations,
deploy military forces, or determine the outcome of a armed

conflict.

Move Duration: The amount of real time which each move lasts
is the move duration. The duration of a move can vary fron

one hour to a half day.

Move Scale: The amount of '"game time" covered in each move
is the move scale. In path games, the move scale is between

one and five years.

Multi-day Game: A form of path gaming in which the move
duration is one half day and the inter-move duration is one
day is referred to as a multi-day game. Moves are played on
consecutive mornings, with the "control team" using the
remainder of the day to analyze the results-of the morning’s
move and to prepare for the next day’s move. Since a path
game usually has three moves, a multi-day game lasts for

three consecutive days. Unlike mini-games, a multi-day game
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consists of between three and four teams: "blue," "red,"

"green," and "control" teams.

One-day Game: A variant of path game which lasts an entire
day with a move duration or one to two hours and an inter-

move duration of up to one hour is referred to as a one-day
game. Like multi-day games, a one day game will usually

include several separate teams.

Open Play: If all the players of the various teams in a game
meet together and are permitted to interact freely without
the direct involvement of the "control" team, the game play
is called open. Some formats for path games are inherently
open (e.g., mini-games or CADS), while others could be either

open or "closed" (e.g., one or multi-day games).

Path: The set of decisions which connect the current strate-
gic environment with a possible future environment is called

a path.

Path Diagram: A flow chart which outlines the major "deci-
sions points" and the impact of "branch variables" on the
course of events connecting the current strategic environment
with possible future environments is referred to as a path

diagram. This chart is used by the developers of a path game
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as a rough road map when identifying the major actors and

writing the "scenario" for a game.

Path Game: Path gaming is a specific gaming technique which
employs an unstructured, free style game to investigate long
range planning problems with the main purpose of examining
the future implications of present-day decisions by greatly
reducing the normal time lag between a decision and its

consequences.

Real Time: To distinrguish actual time from the fictitious
"game'" time, the former is called “real" time. For example,
the duration of a move may be one hour while the game may

cover several years as measured in game time.

Red Team: The blue team’s main competition or the major
actors to which the blue team must react are included in the
red team. The Soviet Union and the Eastern bloc in general
is represented by the red team in a path game. Path games
may not explicitly include a red team, if the major issue
under investigation centers around internal U.S. politics.
Otherwise, the red team will be used to react to the blue
team’s initiatives and to provide simulated Soviet initia-

tives.
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Scenario: A scenario is the written account of the situation
under which a game is to take place. 1In path games, it will
identify the "paths" which the players are to investigate,
describe the "environmental variables," identify the major
actors involved in the game, and provide any quantitative
data which the players may need in the course of the game

(e.g., force levels, budgetary data, etc.).

War Game: A war game models an actual military engagement

and involves mainly military considerations. Broader foreign

policy issues are not included.
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APPENDIX B

SUMMARY OF PATH GAMES

This appendix contains a brief summary of some of the
path games played on the general topic of national security
policy over the past ceveral years. Several of these games
were conducted under the sponsorship of this contract. The
purpose of this appendix is to provide some concrete

examples of actual path games.

The first chart (see Table B-1) shows an overall listing
of the games, their topic, when each was played, and the
format used. The mini-game format dominates the more recent
games because, as indicated in the main text of this report,
this format was shown to be a very flexible and cost-
effective format. The second chart (see Table B-2)
summarizes the gaming techniques used in each game: the
kinds of moves and the style of play. The last chart (Table
B-3) displays the number and types of players in each game

and the support required.

Two of the games listed in these charts employed some
novel techniques which were not discussed in the main text of
this report. The games on nuclear test limitations and U.S.-
Soviet military competition both used two blue teams and the
latter also had two red teams. The purpose of this

innovation was to provide different perspectives for the blue
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team; allowing in effect different paths to be explored in
the same game. 1In the second case, one blue team was used to
represent the views of a conservative administration,
regarding U.S.-Soviet competition. This team created a new
base line for both itself and the second blue team for move
two. This allowed the game to examine a much wider range of
perspectives than would be possible using more traditional

ganing techniques.
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Game

SDI

NATO Defense
Initiative

TNF & ATBM

SDI
Deployment

SDI
Transition

Nuclear Test
Limitations

ABM Treaty

Interpretation

Political
Stability
of SDI

U.S.-Soviet

Military
Competition

Insti-

tutionalizing

SDI ~ Game 1

Insti-

tutionalizing

SDI - Game 2

Table B-1.
Date
May 1984
Oct. 1985
Jan. 1986
Aug. 1986
Jan. 1987
Feb. 1987

March 1987

March 1987

May 1987

June 1987

July 1987

Summary of Path Games.

Topic

Long-Range SDI Planning
and Programmatic Trade-Offs

NATO Defense Initiative and
Alliance Strategy to 21lst
Century

Examine Increased Reliance On
Active Defense Versus TNF

Explore Paths Toward Deploy-
ment of SDI Based on Budgetary
Allocations

Examine Political Obstacles
Hindering Transition to SDI
Deployment

Examine Various Paths Toward
Test Limits and Expose
Compliance Problenms

Investigate Implications of
ABMT Interpretation for SDI

Study the Long-Term Political
Stability of SDI Program and
Arms Control

Study Preferred Direction in
U.S.-Soviet Competition Over
20 Years from Both U.S.-
Soviet Perspectives

Study Institutionalized
Support for SDIO and Possible
Re-organization

Study Institutional Support

for SDIO and Possible Re-
organization
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Format

One-Day

Multi-L vy
Game

Multi-bay
Gane
Mult i‘Udy

Ganme

Mini-Came

Extended

Ganme

Mini-GCane

Mini-Gane

Extends i
Ganme

Mini-Gane

Mini-Gane
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APPENDIX C
HANDBOOK FOR THE DEVELOPMENT OF

COMPUTER-AIDED DECISION SIMULATIONS

C.1 THE SETTING.

The political-military simulation, or gaming, is a
national security research tool. It is used to develcp
insights into situations where the interaction, moves and
counter-moves of participants with opposing goals
(representing countries, forces, factions or opposing
interest groups) determine the outcome. The term "gaming"
includes any type of simulation in which the flow of events
is affected by decisions made by players representing
opposing sides or viewpoints. Such games, or simulations,
are most effective when used to investigate processes, and to
gain insights, not to calculate outccomes. While the
techniques of various games can share many similarities with
other analytical tools -- detection modeling, attrition
modeling, and so on -- gaming is unique in its ability to
show how uncertainty and human decisions affect the course of
events. As a tool of analysis, it has recently acquired the
sort of intellectual enthusiasm accorded to systems analysis
in the 1960s. The basic reason has heen the data processing
speed and the versatility of the Personal Computer (PC),
which enables games to be run quickly and efficiently, at a
fraction of the manpower and dollar costs previously

required.
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Gaming is a mechanism to examine issues. It cannot
predict outcomes; it can and should illuminate the process
and dominant variables which cause ocutcomes. In other words,
it should cue a decision-maker about which factors and
factions deserve special attention and care.

Gaming is most useful where the results are driven by
competition, by the power of competing interest groups or
nations, by situations where power, not logic or analysis,

will decide the outcome.

C.2 DNA REQUIREMENT.

On 4 May 1984, the Defense Nuclear Agency sponsored an
experimental simulation at the war-gaming center of the Naval
War College in Newport, Rhode Island. The purpose was to
determine whether gaming could illuminate the long-term (ten
to 20 years) consequences of near-term procurement decisions
concerning strategic systems. The subject matter DNA chose
for the game was strategic defense. As the participants made
procurement decisions in blocks of time (1984, 1985-90, 1990-
95, etc.), they were, in essence, creating a path, or a
stream of decisions into the future.

Since then, DNA and the SDIO have sponsored several
variants of the '"path game" concept. 1In September 1986, HRA
was put under contract by DNA to conduct several such games
in order to determine whether the methods being developed had
utility. HRA sclected GAMA as the subcontractor responsible

for developing the unclassified gaming methodology. This
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short handbook explains the method, now called CADS, or
Computer-Aided Decisions Simulation, as it has evolved

through successive iterations.

C.3 THE CADS MODEL.

During the course of this research effort, the GAMA
(Gaming and Analysis) Corporation has modified several gaming
technigues to fit the specific requirements of DNA and SDIO.
The basic approach was to gather a group of gaming and
substantive experts familiar with the gaming style GAMA used
in other contexts and walk through the material DNA wanted to
see addressed, repeating the process several times,
identifying the set of independent variables which emerged as
most influential, and gradually developing an approach which
could be duplicated. A detailed description of the actual
runs was submitted to DNA to March of 1987 and is on file
with DNA as a "For Official Use Only" document. Nine
methodological games were held in 1986 and four in 1987,

From these thirteen trial runs, the following basic model was

developed. It has six steps.

C.3.1 ISSUE IDENTIFICATION.

To do this, the game designer must meet with the client
(the game's sponsor) and listen to his explanation of the
problem or the issue he wants gamed. The game's developer
then has the responsibility to pull together a small group ot

analysts some of whom have substantive knowledge of the issue
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and some of whom are gaming experts. In a give-and-take
session, they seek to transform the client's issue into
specific terms which can be gamed, paying particular but not
exclusive attention to what the client believes are the most
serious variables which will drive the outcome. The game
developer then presents to the sponsor a description of the

game focus.

C.3.2 SCENARIO/CHARGE TO THE PLAYERS.

The next step is tc write: a) the set of baseline data
the players need to know in order to participate
intelligently; b) the starting scenario which translates the
sponsor's issue into a subject with enough specificity to
game; and, c¢) a charge to the players, often divided
according to the team assignments. The charge serves as the
prism which organizes the discussions and recommendations of
the participants. Hence the charge(s) are a critical game
component and must be carefully crafted.

In terms of deliverables, for each game, there are six
tasks the contractor responsible for game method must
perform. The first task is to write the scenario.

The second task is to write the charge to the teams for

each move.

C.3.3 PLAYER IDENTIFICATION/INVITATION.

The contractor or game developer next presents to the

sponsor a list of the people deemed appropriate, given the

122




subject matter. After approval, the contractor arranges for
the participants, their travel, etc. The sponsor may choose
to issue letters of invitation, or require that the
contractor do so. As a rule of thumb, it is best to include
a mix of experts from the various government agencies and
from outside governments.

The optimum number of players in this type of game is
between 10 and 16. The subject matter is carefully defined
ahead of time and is specific; one is not trying to game a
world at war or some other subject requiring a multitude of
players and support equipment. It is important for group
dynamics that each player have the opportunity to speak
because presumably any invitee has something to contribute.
Player interaction is difficult to achieve if there are more
than 16 players at the table.

The third task for the contractor is to invite the

players.

C.3.4 GAMING TECHNIQUES.

The subject matter should determine the technique
applied. A game can either be closed or open. In the closed
game, the teams are kept in separate rooms and move in
accordance with data and instructions passed by Control.
There is no direct interaction among the competing teams.

The Joint Analysis Division of the Joint Staff has
considerable experience in such games. GAMA is not inclined

towards closed games; although they are easier for the
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Control (contractor) Team to direct, they lack the insights
which occur when the competing teams are able to confront

each other.

The open game technique has several variants. At the
Global War Games in Newport, Rhode Island, the international
cells of Blue, Green and Orange negotiate face-to-face, and
there is a daily general session at which Blue and Orange
explain to the players their general concepts of operations.

GAMA uses two variants of that technique. The first
centers around competing teams who decide in caucus what
their moves will be. This 1s followed by a plenary session
at which each team is asked to explain its preferred move and
the calculus which led to it. Hence the players become the
analysts. The second technique is to keep the players, each
assigned a specific role, in plenary session and make each
move by having each participant in turn respond to the
charge. This puts a heavy burden on Control, and Control
must work well with the chairman of the players. The
advantage of the technique is that many points can be handled
in a short time-frame, and one respondent can elaborate upon
or correct or challenge the position of another.

In either case, the fourth task is to direct and control

the game.
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C.3.5 GAME PLAY.

There are four essential components.
1. Duration.

The original geopolitical games were conducted as
standard war-games, requiring the attendance of the players
for at least one full day or more, or for several half-days
in one week. This was changed because the vast majority of
participants had said all they could or wanted to say about a
subject in four hours. This may seem self-evident; still,
most games are designed around the expectation that the
participants will devote full days to the simulation,
although they do not devote such time to any other subject on
their daily calendars. Most of us have exhausted what we
have to say in four hours. So the CADS (Computer-Aided
Decision Simulation) system limits the simulation to that
length of time.

In four hours, there usually is time for three moves.
Each move may consist of a 30-minute team caucus followed by
a 30-minute plenary session in which the teams exchange
information and perceptions of results. Or, if the four-hour
plenary game technique is employed, then four one-hour moves

are possible.

2. Focus.
It is a prime duty of Control to maintain a focus to the
game and to limit the tendency of the players to wander down

interesting by-paths. 1In this effort Control is assisted by
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the preciseness with which the charge to the players has been
written, by the selection of and the coordination with the
game chairman, (who is a game participant) and by the CADS

system.

3. Use of Computer Systems.

Computers are used in an unobtrusive but helpful
fashion. They assist in the provision of data, in providing
the frame of reference, in recording in real time the
decisions of the players, and in providing a record for post-
game analysis. The individual in charge of the computer
input must work closely with Control prior to and during the
game. The system GAMA Corporation has gradually developed
incorporates several pieces of software and hardware. It
permits Control to show the participants graphically the flow
of the game and how one move relates to another. These
diagrams are adapted from the Gantt method and they enable
the players to see at a glance how the particulars of the
issue under immediate discussion relate to the overall
purpose and direction of the game.

The computer is also used as a word processor. A
recorder works full-time to capture the essence of the logic
and conclusions of each team. This summary ‘is displayed in
real time; that is, when a player says someth.ing the recorder
judges of key significance, it is immediately displayed on a
large screen for all players to see and to correct. Also, at

the conclusion of each move, the leader of each team is asked
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to summarize where his team stands, and that summary and the
recorder's efforts are then reviewed by the players and
corrections are made. Thus the role of the recorder is
important and he must have the skill to listen to ten minutes
of conversation and capture its essence in ten words. As a
rule of thumb, each hour of player team interaction yields
one screen of information with about ten separate points.
The fifth task is to record the game in real time and to
display the record to the participants.

In terms of hardware, a good combination in the main

game room is a Compaq 386 linked to an RGB (red/green/blue)

display projector. This allows the graphics -- which show
the alternative paths the players are pursuing -- to be shown
in different colors. By using a three-way switch, the record

of the move can be shown simultaneous with the graphic, or
one or the other can be turned off. Any Personal Computer
(PC) can be used if it has 640 KB of memory and a hard disk.
The sixth task is to take the record from the game and

analyze the results and describe the insights gained.

4. Control.

Control has several tasks to perform. He must design
the game, provide the focus through the‘charges to the
players, arrange for the right mix of players, attend to the
pace of the game, interjecting directly or through the game
chair, decide whether to elongate or truncate each move

depending upon the players' deliberations, and insure that
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the result is both pertinent and interesting to the

participants who have worked for four uninterrupted hours.

C.3.6 SERIES.

A game is not played to predict an outcome; it is played
to gain insight into the variables or events which may drive
or affect the outcome. Obviously, a series of games is more
valuable than just one effort. Each game can lead to
refinements and provide the building blocks for the next
effort. This is analogous to the staff process. The staff
system 1is designed to insure that the pertinent information
has been gathered and synthesized in order to allow the
decision-maker to deal with an issue 1in an efficient manner.

A series of games can be a staff action. This can be
accomplished in three steps. First, the sponsor identifies
the issue and the gaming experts work to frame the issue in
gaming terms. If they have familiarity with the sponsor and
the subject matter, they may accomplish this one or two pre-
game brainstorming sessions. They then hold a four-hour
"minigame" among themselves, placing the emphasis upon
process. The intent is to clarify which variables and
interactions deserve to be highlighted in the scenario and it
the subject matter is particularly difficult, the gaming
staff will have to devote several sessions to the development
of the proper gaming framework. For instance, in preparing

for one SDI game, GAMA conducted seven in-house minigames
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before being satisfied that the game was ready for the SDIO
staff to participate.

Second, after the gaming contractor has run his
minigame(s) and has shaken down the process, the game is
conducted at the staff level. The sponsor and other
interested parties provide participants and the emphasis is
upon the substance of the issue. At the conclusion of the
game, the outcome focuses both upon substance and upon
procedures which would strengthen the game process.

Third, the contractor makes the agreed-upon changes and
the game is conducted again, this time with senior officials,
many of whom have been preferred by their staff officers who
participated in the prior game. Hence the game is conducted
along the lines of a staff action, with more thought and care

than is generally possible.

C.4 SUMMARY.

The CADS game model, as it has been developed since May
of 1984, has these distinguishing features: it is short in
terms of time; it is iterative; it uses computers
unobtrusively both to provide data and focus, and to keep the
record; it is small, using between 10 and 16 players; it is
structured; it is free play; it can be repcaied rapidly and

requires little or no support.
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C.5 PROGRESS IN METHODOLOGY.

The DNA and SDIO sponsorship has had as a focus the
development of a method of gaming. The question, then is
where the method stands today as compared with the first path
game conducted in Newport three years ago. The following is
a summary of the changes which have occurred.

- The original game required senior officials to

devote a day and a half, including travel time.
The pre-game briefs took two hours, the game
ran for eight hours and the final debriefing

for one hour.

The CADS game takes four hours of a senior executive's

time.
-- The original concept envisioned one stand-
alone game.
The CADS game 1is a serious of three mini-games. 1t

includes a staff game and a decision-maker game.

-- The original game tried to follow one path

into the future.

The CADS game permits multiple paths to be tested.

-- The original game left the moves unstructured.
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The CADS game has a move structure and a graphic display
which permits the participants to associate one move with the

next.

-- The original game left it to the participants

to develop a focus to their efforts.

The CADS game provides a charge to the players which
focuses each move. The players may override the charge, if

they choose.

-- The original game tried to advance from the

present to a desired future point.

The CADS game has developed several alternative
techniques, including starting from the desired end state and
working a path backward to the present, identifying the
critical conditions which must be satisfied if the future

goal is to be attained.

-- Information in the original game was provided
in book form and rarely referred to by the

players.
The CADS system allows information to be stored and
displayed during the game when it is relevant to the

discussion.
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The original game had to employ time steps,

or leaps, of five to ten years.

CADS system requires the game designers to move

progressively through time, not to leap ahead. Once the

designers have done this, they can identify the variables

which are most critical and the actual game players can then

take time steps based on the research which has been done.

The

The

The original game relied upon a verbal

debriefing and summary of each move.

CADS system records each move and the debriefing.

A blackboard was used in the original game to

keep track of the moves and of the key points.

CADS system makes integral use of the power of PCs.

A large support staff was required at the

original game because so many functions

were manual.
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team

The CADS system allows for a lean contractor support

of two to four people.

The original game, with its large supporting cast,

was rather expensive.

The CADS game is inexpensive.

Table C-1 compares the current CADS system to the

original effort.

C.6 VALUE ADDED.
Since gaming is a tool of analysis, what is the value
the technique described above -- called CADS -- adds to an

understanding of nuclear issues?

CADS yields insights, especially when the teams
are shuffled in order to include experienced

outsiders (such as former officials) who do not
have a vested personal or institutional position

on the issue. Gaming does not predict outcomes.

CADS provides a check on conventional wisdom.
Often a theory or a position on a subject may
sound reasonable, but serious gaps in the logic

or the implementation are revealed in the
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Table C-1.

Development Of The CADS (Computer-Aided

Decision Simulation).

May 1984 Effort

8-11 hours per game
participants' time required

One game stood alone
No staff input

One future path could be
tested

Moves unstructured
Participants determined
focus

Game advanced from present
to future goal

Information given in books
not read

Time steps were actuaillvy
leaps

Verbal summary
Key points written on
blackboard

Manual functions required
large staff

Expensive

Intuitive

November 1987 Madel

4 hours

Three game seriles

High staff participation
Multiple Paths

Moves structured and displayed
via PC

Specific charges given

Several alternative techniques
used, some working from the
future back

CADS stores and presents data
during game play

Homework done before any step
CADS records each move and the
summary

CADS insures a complete record

Lean support team

Inexpensive

Allows a staffed package
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process of gaming against equally intelligent

participants with different points ot view.

CADS makes explicit the reasoning and th: joints
of leverage which together determir: the success
or failure of most jprograms, but wvhich are

rarely addressed 1n the same meet ing.

CADS involves the staff as part of the solution,
ret s the gatl.erers and transmittors of
intormatrion. The staffs work through the problem
and do not just array alternatives for their
superiors. Later, as good staffers, (and we are
all staff to someone above us) they may present
the issue up the chain in terms of options and
pros and cons. But the pcint is they have worked
through the logic themselves, both learning and
contributing to the body of kuaowledge about the

issue.

CADS 1is a mechanism for identifying the critical
variables which will most ceriously affect the

outconme.

Most importantly, CADS is a means of acquiring
informed judgment about complex b jo (.. in 1

structured nanner and 1n a short poy 0 Ut
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time. CADS has three steps. First, the game
designers run a game to smooth out the process.
Then the cognizant staff participates. Lastly,
the senior decision-makers, with the input

from their staffs, participate. Hence a
complete staffing procedure can be accomplished
within the context of a game series, or the
game can be commissioned as an inexpensive
alternative source of information and expert

opinion on a complex subject.
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APPENDIX D

MULTIPLE ATTRIBUTE DECISION THEORY

D.1 INTRODUCTION.

The environment with which participants in a PATH Game
must contend is a complex one involving many interrelated but
widely disparate variables. Not only must the technical
capabilities of future weapon systems be considered, but also
budgetary constraints and political realities, both domestic
and foreign, must be taken into account. Within the context
of a PATH Game, the players must bear all of these
considerations in mind when formulating their proposed moves.
In order to simplify this process a technique known as
"Multiple Attribute Decision Theory" (MADT) was proposed. It
was incorporated into a series of computer programs which are
described below, along with some applications and an
assessment of their utility in PATH Gaming.

The primary value of MADT is its abiiity to combine
together into a single index, or Figure of Merit (FOM),
variables of widely varying character. 1In other words, it
provides a framework which permits an analyst to '"mix apples
and oranges." This is a process which all decision-makers
must address at least implicitly. MADT attempts to make this
process more explicit and thus more transparent and
understandable. For example, MADT allows scores to be
assigned to such variables as the public reaction to a

proposed weapon system, its direct costs, and its military
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capabilities. These variables, when placed within a "tree-
like" structure which schematically indicates the
interrelations and when provided with relative weights
indicating their importance to the decision-maker, can be
combined into a single figure of merit. A large figure of
merit indicates that the proposed policies and/or weapon
systems are both advantageous and consistent with the
decision-makers expressed preferences.

This technique has been incorporated into a series of
computer programs which can be used during the course of a
path game in order to aid the players in evaluating the
consequences of their moves. These programs are an example
of how the control team can use computers to aid players
during the course of a path game. The running time ot these
programs is sufficiently short for them to be used in nearly
real-time. The outputs can be used at two points in the
game: 1) during a move players can request quick assessments
of various options in order to understand the effects on
military, economic, or political variables; and 2) following
each move a more detailed analysis of the conseguences of a
move can be presented. This analysis should help the
players, for example, in better evaluating the reactions of
the American public and of the U.S. allies because these
reactions are explicitly incorporated into the MADT
structure.

In addition, MADT can be used to pertorm more detailed,

post-game analysis.
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D.2 METHODOLOGY.

A MADT computer-based interactive code has been
implemented to address complex problems involving "mixilng
apples and oranges." The methodology used to construct a
decision tree, assign weights and scores to the variables 1in
that tree, and compute the figures of merit is described
below. For use in PATH Gaming, the structure of the tree is
defined prior to the game and values must be provided for the
weights because this process is too time-consuming to be
accomplished during the course of an actual game, especlally
a mini-game.

The top-most level of the decision tree, labelled as
Level 0, contains the calculated figure of merit (FOM) for
the entire tree configuration that is under consideration.
(See Figure D-1.) 1In order to begin the process that
calculates the FOM, an analyst first describes the problem in
terms of his most important (Level 1) goals and preferences,
thus assuring that the information 1s in terms that are
clearly comprehensible to him. At the highest levels ot the
structured decision tree the more abstract aspects of the
problem are addressed which is perhaps best accomplished in
close harmony with, for example, the sponsor of the game.
These primary considerations are then weighted, each
according to their relative importance.

For the sake of simplicity, weights are assigned values
as ratios. In other words, if one variable is seen as twice

as important as another variable, then the first is given a

139




P~

PR

T B A Sy * =5 ; 7 P Ty -y -

,_ Hmmm | H»_wm | Hc.wm M ﬁ_ Hm.u.u : | Htmm W | nm,m mnw : w;./, ,
_n 2lqelIe, T mzw.:m\, I ;EH@;‘ T Plaetie T .:rﬁ;.aL & oraunivy ; olqertey 1 oaqeriey.
| m | |

[
| S S
= h L S
=f's N = s
HOA & oun | W04 & e | 04 | uouzig
| MH L
[ [9497] ‘ , - R

0 19497

SRN|

| ]

v (gBem ou)
]

W SRICHN ”

i

|

NOd [0,

HOSIOO( LUVIN 1O Odnyong)

Tree.

Structure of MADT Decision

Figure D-1.

140




weight of two and the second a weight of one. This
comparison is done only relative to related variables within
a given level, which are grouped together as shown in Figure
D-1. Weights cannot be used directly to compare the
importance of variables in different groups. Some simple
arithmetic would be required.

Next, in a top-down manner, these goals can be further
decomposed into their own weighted subordinate contributors,
which are at Level 2. This step is then repeated until, in
each individual branch of the decision tree, the desired
degree of detail is reached. The very nature of this process
suggests the use of a decision tree structure. It should be
noted that all of the input factor branches of this structure
need not extend to the same lowest level of detail. As lower
and more detailed levels are reached, the fine-structuring
requires the attention of specialists from the available
community-of-experts. At these lower levels of the decision
tree analysis is provided of the component factors and
uncertainty in them. Thus, the specific knowledge from these
specialists can be combined and consolidated into the
decision analysis procedure.

At these lowest levels, score values can be input or
derived for each factor, based on eithep detailed analysis or
knowledgeable opinion, and documented. As previously noted,
some factors at these lowest levels may be influenced by (or

dependent upon) other input factor values.
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All higher level items (i.e., those above the lowest
level (highest numerical level) of each branch of the
decision tree) are evaluated by deriving their score from
their lower level contributors. This scoring, done in a rote
manner by the OPTIM code, utilizes the sum of the weighted
scores of the contributors in the lower level group. For
example, the score for the jth item at level L in the tree is

computed as follows:

% Wis1,i Sp-1,14
Sp,5 = : (2)

% Wil i

where: S, i = the computed score for the jth item at
level L, which is itself used to

compute scores for items at level L-1:

SL+1,i = the previously computed score for the
jth item at level L+1 which
contributes to SL,j (note that the
index i includes only those items
within the group connected to the

higher level item being calculated);

Wiel,i = the weight assigned to the ith item

at level L+1.
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There are five distinct item types at the lowest level
of each individual branch of the decision tree for which
various input parameters are needed. These inputs are used

to calculate the item's MADT score on a scale of 0 to 100.

a) Independent items have no other items as
contributors. They are usually characterized by
having a particular scoring algorithm which can

be a straight line or other type of graph, or a set
of distinct score values for certain specified
problem or environment conditions. For a particular

input value, a specific item score results.

b) Pre-scored items also have no other items as

contributors. However, rather than having a graph
or algorithm, their score values are directly input.
As an example, say that a decision-maker's preference

structure for a particular policy might be:

1. approves-—-—-——~=———-—-—-~- score of 100
2. is indifferent--------- score of 50
3. disapproves-—-—-————=——-- score of 0]

The input for this type of item is then merely the score

derived from the list.

Another type of pre-scored item may be characterized as

a "shopping list." Several entries can be listed, and the
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input score is then simply *he total of the individual scores

of any entries selected from the list.

80.

If

1. 100 MX in silo —-==-=---- score of 30
2. 300 SICBM-—-—=--=—==——==wv~-- score of 40
3. 50 rail MYX-~---—e=——----- score of 50

and 3. are chosen, the 1lnput score is (50 + 30) or

c) Dependent items are items whose score is solely
dependent on the scores of other items. There are two

types ot dependent items:

d)

First order dependent items receive weighted
contributions only from independent and pre-

scored litems,

Secend (and higher) order dependent 1tems receive
welaghted contributions from first order dependent

iters and/or other second order dependent itemo.

Se, t-dependent items are a comblianation ot the
indepenuent and dependent items, 1n that they
have thetr own particular ccoring algorithm
(Like an andependent 1tem) and also have otheoer

it rthat contribute (1n a1 weidghted manne
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to their score. The scoring of these self-
dependent items is similar to that for dependent

items.

e) Inner-dependent items are items which can only

be scored after all other items are scored,
since they depend on the scores obtained at
other levels in the decision tree, (or on

the results obtained from other branches of

the decision tree.

In summary, the basis of multiple decision attribute
theory (MADT) is the decomposition of a complex problem into
a structured format whereby the many contributing factors to
the top-level problem evaluation can be individuaily
evaluated and then combined 1n a rational manner. Indeed,
the detailing of the interactions between low-level factors
provides insight into the problem and a useful means for
simulation of the "real world."

Once structured, the problem can be evaluated for

various alternative courses-of-action, using appropriate

alternative values tor the identified lowest-level I1nput

factors. All ot the item-to-item depeadent interactions are

then evaluated. A tigure of merit for each alternative

coursie-ot-action can then be found at the top-nmost level by

cvaluating and —combining the weilghted sums of the 1tems at

ecach cucoeeding levo . A relative ranking ¢! the alternat. o«
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courses-of-action can then be made, based upon their figures
of merit. As results are obtained for the FOMs of the
various courses-of-action, the input values can be adjusted
and the calculations reiterated to find a more optimal FOM.
The structure of the decision tree itself can be
modified, if necessary, either by "pruning" away factors that
prove to have little effect on the overall figure of merit or
by adding further detail to the tree. The weights associated
with any factors at any level can also be "adjusted," as
required, to obtain a more appropriate result for the
decision-maker. Sensitivity analysis can be performed for
specified parameters, as well as "what if?" excursions for

selected individual parameters or groups of parameters.

D.3 COMPUTER PROGRAM.

A LOTUS 1-2-3 program was developed to facilitate use of
the MADT decision tree. This menu driven program allows the
user to select from five options, which range from simply
viewing the tree structure on the computer screen to
automating tree evaluation for a range of inputs and graphing
the results. Each main menu option is listed and described
in detail below. Once an option is chosen and executed,
Control reverts to the main menu so that additional options
may be discussed. Each of the options in the program's main
menu is discussed separately below: View, Change, Group

Input, Print, ani View.
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D.3.1 View.

By selecting this option the user can easily scroll
through the different levels of the decision tree. After
selecting the view option, a directional menu appears,
allowing the cursor to be moved right or left, one tree level
at a time, or up or down, one tree item within a given level
at a time. Scrolling through the decision tree in this
fashion, to view current items' scores or weights, is quick
because the cursor is programed to skip over blank spaces

between items and levels.

D.3.2 Change.

After selecting this option the user is presented with a
modified version of the directional menu that appeared under
the View option. Two additional functions are incorporated
into the menu, they are Change and Window. Once the user has
positioned the cursor (using the Right, Left, Up Down
options) to the desired tree item, selecting Chang= allows
that item's weight to be changed, or if the desi jnated item
is on the last level, its score can be changed a so.

Changing any item's weight or score could possib y effect all
connecting groups at lower numbered levels, alth:ugh small
changes in high numbered levels are often undetected in lower
nunbered levels because of the weighted average scoring
algorithm used to evaluate the tree. However, since the user
may wish to monitor the score of a particular item while he

changes the weilght or score for another item in a different
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level of the tree, the Window option is available. By
selecting this option, the user selects an item he wishes to
lock onto the computer screen. This item is put into a
"window,” or one portion of the screen, while the other
portion of the screen is used to scroll through the tree.
(See Figure D-2.) If the Change option is then selected for
some other item in the tree, the user can monitor how
variations in the item's weight or score will effect the

windowed item.

D.3.3 Group Input.

This option prepares a particular branch of the decision
tree for input of weights and/or scores. Consecutive menus
appear after selecting the Group Input option to determine
which branch of the tree the user desires to be made
available for input. For example, the first menu would be to
select between the Political, Economic, and Military FOM
branches. If the user were to select the Political branch, a
second menu would allow input for the entire Political branch
or for either the Domestic Politics or Foreign Policy branch.
This option proves useful when a new scenario is to be
evaluated and different weights and/or scores are necessary
to depict the new environment. Group Input 1s a faster means

for making these changes than the Change option.
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MADT

program.

CU666: [W4] 'Great Britain
Left Up Down Change Window Algorithm Quit
Move right 1 level
CK CL CM CN CcCO CP CQ CR CS CT CU CcVv CW cX CYJ

673 666 -~ Great Britaln Inpu
674 667 W= 2 S= 80 4
675 668
676 669 ~~ West Germany Inpu
677 670 W= 2 S= 80 4
678 671
679 672 -~ France Inpu
680| Foreign Policy 673||-- U.S. Allies W= 2 = 60 3
681 W= 1 S= 80.56{674 W= 4 S= 76.43
682 675 -~ Other NATO Inpu
683 676 W= 0.2 = 60 3
684 677
685 673 -~ Japan Ingn
686 679 W= 1 = 100 5
687 680
688 681 -~ Other Non-NATO Inpu
689 682 W= 0.1 S= 60 3
690 683
691 684} |-- Soviet Union Input
692 685 tOW= 2 S= 100 5
26~-Feb-87 04:50 PM CMD

Two windows are used to view different

parts of the tree simultaneously.

Migure D-2. pxample of computer screen during
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D.3.4 Print.
The Print option produces on paper a copy of the
decision tree with its current weights and scores. Figure

D-3 shows a sample output.

D.3.5 What If.

Using a decision tree such as that in Figure D-3, the
What If option is designed to answer such questions as: If
the weight for Public Opinion were to vary from 0 to 10, how
would this effect Domestic Politics, the Political FOM, and
the overall FOM? What If the score for Strategic BMD is not
known exactly, but is believed to be between 70 and 90; how
does this range of scores influence Defensive Forces, the
Military FOM, and the overall FOM? What If the scores for
Public Opinion, U.S. Allies and Soviet Union, were to
represent four different possible future environments, which
would be the most beneficial for Foreign Policy, Domestic
Politics, the Political FOM, and the overall FOM?

There are two types of questions being asked here, the
first asks what happens to the tree when a single item is
evaluated for a range of either weights or cccres, and the
second asks what happens to the tree when a group of items
have their weights or scores changed in an attempt to
describe various scenarios. In either case, the user selects
the single item or identifies the group of items he wishes to
use to measure the sensitivity of certain other tree items.

If the selected item or items are from the last level ot the
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Figure D-3. Decision Tree Structure.
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tree the user must specify whether weight or score is to be
the manipulating factor, otherwise only weights for non-last
level items can be changed.

For single item sensitivity measuring, the user defines
the initial value, final value, and incremental value for the
range of weights or scores. Multiple item sensitivity
measuring requires the user to provide the specific weight or
score for each of the selected items, for each scenario being
evaluated.

Both What If questions allow the user to select those
tree items whose sensitivity is to be measured and graphed.
The overall FOM will automatically be recorded and graphed
for both types of What If questions. The graphs of Figures
D-4 through D-6 were created under the What If option and
illustrate the possible ways of utilizing this option as well
as its usefulness in graphically displaying the tree's
sensitivity to certain factors. Table D-1 lists the input

scores for the options illustrated in Figure D-6.

D.3.6 Assessment.

Careful analysis which included several 1n-house mini-
games conducted at HRA, Inc. indicated that, while MADT is
potentially a valuable tool, it also has several serious
drawbacks when used- in a mini-game format. First, a mini-
game places severe time~constraints on the use of MADT
programs. Even though the actual data entry, computations,

and production of graphical or tabular output can be done
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Score as a function of
Public Opinion, US Allies, Soviet Union
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Table D-1.

Public Opinion
U.S. Allies

Soviet Union

- v -

Illustrated In Figure E-6.

Item Input Scores For Options

Option 1 Option 2 Option 3 Option 4
20 100 100 20
15 100 15 90
90 10 10 90
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quickly, the determination of the input values for all of the
items at the lowest level in the tree is a time-consuming
process. Many trees require as many as 100 inputs. These
trees can be simplified by "pruning" the branches at the
lower levels, but some details must remain for the decision
tree to be non-trivial. 1In fact, in~house gaming determined
that even the smaller trees that retained some non-trivial
structure were too cumbersome to be easily accommodiated into
the mini-game format.

Second, the use of MADT can easily distract the players'
attention toward the details of either the scoring algorithms
or the assessment of input values and away from the main
issues of the game itself. Finally the MALT format is too
complex to be easily understood and used by players
unfamiliar with its methodology. Consequently, this
particular application of MADT was not implemented.

On the other hand, MADT proved to be more useful in

analyzing the results from mini-games in order to interpret

them and provi.''e useful insights for future path games.
These progranms= <an especially help the game developers in
formulating toplcs for games in a series of mini-games.

The other tormats, since they relax the time ccnstraints
of the mini-game tormats, can use the MADT programs better.
However, only extended games have sufficient time tor the

control team to utilize these decision aids cffectively.
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