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Abstract

For the Air Force to continue developing and acquiring today's

hivg'hly complex and costly ..eapon systems, it will have to depend more

heavily on computer simulations to fill in where hardware is not avail-

able and actual test ing cannot be performed. The usefulness of these

~it ~r s Iu tlat i -ns are I im i t ed , how eer, by 'e degree to -wh ich t he

vs~il ts are accepted by manaue r s. From a review of' the li terature,

ii-cever, it wlouild itppear that no previous research h s been perfrmned fco

-eermine: Air Force pro,,ramn managcrs' perceptions of the acceptability

t.0kompu er s imuilat ion results. In I i:;ht of' that finding, the twon

Oi-jectives of this thesis**were to identify the factors affecting the

aref-ptance of cor-puter simulation results bY seni or program mangers

.tinAFSC/.\ST and to determine the relative importance of the idienti-

f ledC fAc t ors.

'2 .- ,. 1 is s_-_11 -. t -tr_ in rt~'2re. the Delphi data

:.olVet ion technique was used. An expert panel of nine Air Force

rolo)nels completed the Delphi survey. The experts arrived at a list of

x en f'act rs that at' fee t o-le ;a-jc-i- 9tc r-'Y - j Tyr t I~ r ic Itrs . of

fhrei s tor actors, only ten were said to have a "st rong etffect.

T1h-b. nchius i uns lra,.-n from the expert panel responses show- that

-rrpr oagrtn rnanjagf 'rs are principall1 y concerned about the simulat ion

r *pr-r n t ing t he "real wrd'and about the t echn ira I informat ion irncor-

pvrted inito the model. The, experts also expressed that the manager

nierdos to know. ift'the end user of the weapon system believes the simula-

t ii to. hbe acctiral e . Several of the othe-rfact ors inclIuded:



(',)irtidence in the individual performirng the simulat ion, ability to

ass imi late wui recormnendat ions , acc ept ahi I it y of the model by the -,Wrxnu-

riity that generally conducs simulations in the specialty area, confi-

dence in the individual presenting the results, previous experience with

simulations, superior's acceptance of simulation results, ard maniagers'

o',n insigtits and intuit ion.
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D[VIUEI0INA'I(oN OF THE FACII-).S AFFECTING THE ACEPTXNCE
OF C(t1PLITER SLIULATION RESUL'TS

. Int roduct ion

(une ra I[ssue

,NjIth in Nir Frt,' Systems (ommanid (-\FSC) prora, maznagers are

resp, cs i 1 I afr t he acqu ui s i inr and t es t ing ot' many rie A.eapon ny s zcm,"

tr the S \ir Force (US.\F), such a the .\dvaiced Cruise Missile (ALM),

">- ',,: ,j,,d rechnology Bomber (B-2), the Short Range Attack Missile II

isR.'1 I1) and others. The ,perati,,nal c-mmntds and the .Ni r ['orce Opera-

tral Test. and Exaluation Center .A-FOJEC) are responsible for confirm-

!,_ that the using command's needs are truly being met by the systems

u. acquired. Ileally, the evaluation of the systems would be per-

i-.ri, thr g. t h( ise of system test data only. However, due to cost,

i,-, iftV arid other eo,,nstraints, this cannot he clone. To cover all

i-as X the -va'uation, computer simulation is used to supplement

- "tMM ts iing. The value f these computer simulations is dependent on

'riZ'J n-> &;tult~l~r. of the simulat ion results.

Br '. (m 5-; atetm rit

t i im,. f d'rasirg mil itary budgets and increasing weapon

m jm,!, ,, - , thf, military needs to use all of its resources

V 'h, 0, w it, , i a pc osihie. If hard.ware test ing was the only

,t.. . *tr, irminig a stem's capabi l it ies and dependability, this

riW, ar n'i ht ing capPwhility could he great ly reduced due to insuf-



ficient , inaccurat e or misteading system data. This problem of' uncer-

ain svstem it'i'jrmat ion can be part ially avoided through the use of

simulation during weapon system acquisition. Simulation can he used in

the acquisition of major weapon systems to assist in design, test and

managerial decision making. T'he usefulness of the simulation results

are limited, however, by their accuracy and their acceptance by mwaage-

ment It is the area of acceptance of computer s imulat ion result s v

ro,-xgrun manauemcnt that is addressed in this research.

A revie-.. ,f' the lit ,rature indicates that no attempt has i,,;n rma

t,) measuf, e pr,)I-am manager's current attitudes to' ard the Ise ,of

,computer simulations nor has the significance of various fact r<r .n tht-

usef'ulness ,f sirilation results used by Air Force prograin muaL rs letn

measured. In fact, it appears that no attempt has ben made to deter-

mine the factors that affect the acceptance of computer sirmulation

results by program managers.

Once the factors affect irg the acceptance of computer simulat im

r sults have been characterizcd. then data can be collected .fhich i!!

shiow the current le';el of acceptance of simulation results by program

managers. This current level of acceptance data can then be used to)

pirip,int areas needing attent ion so that the acceptance of s imulat ion

results cw be improved.

l~'amK h })_j 'c t irves

"f, mait , jf'ct, "e of this study -was to identify the f'act,,rs th;tt

atfec t the accept wce of computer simulation results. A sectnd obj, 'c-

ye -as to determine the relative importance of these factors to the

proLram m;antaers.



RP.search ues* ions

To meet the research objectives, the following questions ",.ere posed:

1. What are the factors that affect the acceptance of computer

simulation results used by senior progran, managers within AFSC/ASD?

2. What is 'he relative importance of the factors identlfied to

the senior pr, r-un manragers w ithin AFSC/ASD?

Scope

ih s I-esoaih -as limited to senior AFSC progf-ram managers -.:ithin

kSD. 'r the purpose ,Jf this research, the senior program manager w as

defined as an Air Force o)fficer of the grade 0-6 or above w.ho is or has

Leer" Ine program muager of an Air Force w eapon system acquisition

effort . These senior program mana-ers possess a Duty Air Force Spe-

cialty Code of 0002, 0016 or 0029. This classification was used so that

only those individuals ', ho had been determined to be "top managers",

experts, .would be surveyed as part of this research.

The determination of the factors affecting the acceptance of

computer simulation results was based on the purpooivo judgment of

expert senior Air Force program managers. It is possible that a survey

o f a different g1roup of experts ould result in a different set of

fact ors.

P3a' kg routnr

The use of sirmlation in program development began to be noticed

during World War II. -John Von Neumann and Stanislaw Ulam from Los

Alamuos Scientific Laboratory used Monte Carlo simulations to solve

neutron diffusion problems. In the 1960's, computer modeling and simu-

lat ion began t(, be irw(-ljded in college and university courses (16:1).



In the past several years, computer simulation has experienced extensive

rovt . In fact, in March 1989 the Department of Defense (DOD)

presented the Critical Technologies Plan to Congress, that identifies

the 22 most essential technoiogies to the "long term qualitative

superiority of US weapon systems" (15:25). This plan presented simula-

tion and modeling as number six. Computer simulation has several advan-

tages over real experiments. Simulations cost less; they only take

seconds to execute instead of "^eeks Gr years; exact replication can be

achieved; and experiments can be per'ormed that would other -ise be too

dangcerrus (1 88).

Computer simulation normally involves three main steps. The first

is t, characterize the system to be modeled or "building the theory".

In this step the inputs and the outcomes must be determined, the inter-

rial operation of the sub-systems must be known and any limitaticis of

the system must be established (21:174).

The second step is the transformation of the system into a model

(21:174). One of the most common methods of doing this is through the

use of flow charts. Flow charts allow for a smooth logical order of

events to be described easily and allows for easier verification of

software coding later in the process.

The third step is the conversion of the flow chart (model) into a

computer program. Usually a higher level programming language, such as

FV)RMTRN, or a specialized simulation l-inguage, such as SLAM II, is used

(21:171).

In addition to creating the computer program, the model must be

proved to be a valid representation of the original system. The process

of determinign validity takes place in all three steps: the characteri-
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zat ion, the flow chart, and the computer programming (21:178). Care

must he taken not to assLune the final program is valid on the basis of

only validating the first two steps, as Glazer says "findings from such

simulations, .hile internally valid, may not be totally externally valid

due to the multitude of complicating factors present in the real world"

(9:5.6). Robert Sargent states: "To obtain a high degree of confidence

in a model and its results, comparison of the model's and system's

i:ip-,output behavior f,)r at least two different sets of experiment,

c'.nditions is usually required" (20:36). The importance of validating

the model cannot be assumed to be of little importance; it is one of the

most important act ions that must be taken before a simulation can be

.:,ilared of any value.

The modeling and programming steps are only preparation for the true

simulation effort. Once the model has been validated, it can then be

used to conduct "trial-and-error experiments" (12:56; 18:5). Two exam-

ples of these experiments are hardcware system development and war

gm.unirg. In these examples, the user of the model is able to perform

simulations using a variety of system characteristics. With each

successive simulation, the user is able to refine the system character-

istics all owing progress to be made tow ard a predetermined end goal.

Once the predetermined end goal is reached, the system characteristics

ran 1,(, passed to the next stage of development. In the case of hardware

svs tem development, the next stage might be hardware fabrication or the

next stage could be an integrated war plan in the case of a war gaming

simulation (12:56; 18:5).

Simulation has been very important in the development of new hard-

ware systems. One good example is the use of Computer-Aided Engineering

5



(CAE), which has increased flexibility in design for both the managers

and the engineers. The managers are able to monitor progress of the

system with a high degree of accuracy and the engineer can "stress and

test" the design throughout the design process (1:13,42).

War gaming is a simulation in which models from multiple offensive

and/or defensive weapon systems are integrated with a model that charac-

terizes a wartime environment. The Army is using ARTBASS, a battlefield

simulation, to train battalion commanders (12:58). The Air Force is

developing a network of computers that will simulate the Strategic

Defense Initiative (SDI) command, control and communication system reac-

tion to a nuclear attack (2:18).

All of the efforts outlined in the description above is fine in and

of itself; however, this information does not adaress how willing

management is to truly accept and use these computer simulations. It

really does not matter how much effort goes into the development and

validation of a simulation if management is not willing to use it. An

exploration of the literature addressing this issue of managerial

acceptance of computer simulation results indicates little or no

research has been done in this area.

Robert Sargent points out that the primary factor in determining an

individual's confidence in simulation is the degree of validation that

,has been performed. Sargent also says that verification of correct

sort-arp coding affects the confidence in simulation (20:33,38).

William Morris, in his writings on managerial acceptance of industrial

engineering efforts, agrees that scientific validity is one of the best

criteria to use for the acceptance of recommendations. However, he goes

further to suggest that there are a number of other factors that are

6



considered. Morris states that managers also depend on: personal

insights and intuition, an understanding of the technical aspects of the

recommendation, acceptance of recommendations by the manager's supe-

riors, acceptance of equivalent recommendations by ianager's peers, the

degree to which the manager is able to assimiiate recommendations,

manager's confidence in the individual presenting the recommendations,

manager's confidence in the individual performing the study, the degree

(magitude) of effort used to develop the recommendations, cost of

obtainirn" recommendations, the manager's previous experience with that

type of study, and the skill used in presenting the recommendations to

the manager (14:16-19). In addition to these factors, there is some

reason to believe that fonral education courses in computer simulation

could have some effect on the acceptance of their results (7).

Key Terms and Definitions

Computer simulation is a process of using a mathematical/logical

representation, model, of some real world system that is manipulated to

perform near realistic experiments on a computer (3:7; 16:6; 18:5; 19:6;

21:173-174).

Verification is the process of confirming that the computer software

that comprises the model executes as intended. In verification, there

is no attempt to compare simulation results to the system being modeled.

(3:7,1'1; 16:67; 20:33,35)

Validation is the process of comparing the results of the computer

simulat ion to the real world system to determine how well the real world

system is replicated (3:7,13; 16:67; 18:9; 20:33). There are numerous

t~ypes of validation. Some of the most common types are: expert opinion,

7



comparison to other models, event validity, extreme-condition, face

validity and historical methods.

An expert is an individual uho has extensive experience and is

prominent in an area of study.

COverv i e'

This chapter outlined the Air Force's need for simulation and a

brief history of computer simulation. The problem to be addressed, the

research objectives and the research questions were presented as well as

a review of the related literature. As part of the literature, a list

of factors, presented by William Morris, affecting the acceptance of

industrial engineering recommendations was outlined.

The following chapters describe the research in more detail.

Chapter II presents the research plan for obtaining the desired data

from senior Air Force program managers, while Chapter III covers the

research findings and data analysis performed. In Chapter IV, the

research is summarized and recommendations for future research and

application of this research are outlined.



I1. Methodolo Cy

During the review of literature, no previous research was found

,hich addressed the weapon system program manager's perceptions of

computer simulation results. However, William Morris did discuss fac-

tors affecting the acceptance of industrial engineering work (14:16-18).

As this is the first attempt to evaluate a program manager's perceptions

,-4r the Lit i lit y of computer simulation results in weapon system acquisi-

t i,n decisions, an exploration approach to research was used (8:62).

This pe ,poratory research focused on the determination of factors

affecting the acceptance of computer simulation results by senior Air

Force acquisition managers. The Delphi data collecLiu,, technique was

used to identify the factors using Morris' factors as the foundation to

begin research.

The factors that were used as the foundation in this evaluation

.ere: understanding of the technical information used in simulation

models, degree to .hich a computer model represents the "real world",

verification of correct software coding, agreement with manager's in-

sights and intuition, acceptance of simulation results by superiors,

acceptance by other program managers, degree (magnitude) of effort used

in developing the simulation model, manager's ability to understand

results, manager's confidence in the individual presenting the results,

cronfidence in the individual performing the simulation study, cost of

obtainirg simulation results, manager's previous experience with simula-

tion studies, skill used in presenting the simulation results, and

formal education courses in computer simulation design and use.

9



Delphi Technique

The Delphi technique is simply a set of procedures "used for the

elicitation of opinions with the objective of obtaining a group response

of a panel o2 experts" (4:3; 5:v). This technique is a qualitative

method that places the emphasis on informed judgment. The technique is

based on tae oid adage "Two heads are better than one," especially in a

situation .here exact knowledge is not available. Norman C. Dalkey, one

of the original developers of the Delphi technique, said that

the Delphi procedure is one of the most efficient I know
for "iincovering" the implicit models that lie behind opinions
in the "soft" areas. One of the most valuable side-products of
a Delphi exercise concerned with strategic bombing was the
skeleton of a model which was later fleshed out in great

detail. (6:9)

Traditionally, group decision making has resulted in more accurate

conclusions than individual decisions. This is a result of having a

greater amount of information available because of having more individ-

uals' experiences and that more complex problems can be addressed

because there are more individuals to consider the problem. However,

there has been several major disadvantages identified in connection with

face-to-face panels or committees. First, there is at least as much

misinformation in a group as there is for an individual. Second, the

existence of strong peer pressure to agree with the majority. Next, the

goal of the group changes from its primary intent to one of finding an

answer that will not offend anyone, even though no individual member may

agree strongly either. Another problem is that the minority opinion may

overpower the cest of the group by its strong vocalization and the

repetition of the arguments. Face-to-face panels also have a problem

with being vulnerable to he influence of "dominant ind. 7 he

10



sixth disadvantage is that individual members of the panel may have

vested interests in the outcomes of the discussions -which may cause the

individual to ignore all facts and logic, and concentrate solely on

winning the argument. Finally, the entire panel may share a common

bias. This common bias is countor to the i-tent of this technique which

is to have individuals with different biases causing a canceling effect.

{12:15-1G). The Delphi technique has three features that attempt to

:.)unter thE, nuegative effects of face to face panel discussion: anonym-

ity, iteration with controlled feedback, and statistical group response

5:16; 13:16).

The first feature, anonymity, is achieved through the use of ques-

tionnaires or computer communication. This feature reduces the effect

of dominant individuals. The iteration with controlled feedback feature

allows the group to move toward consensus through iterations, rounds, of

expressed opinions with a group moderator that assures that only rele-

vant information is made available through the feedback process. Sta-

tistical group response generally includes a presentation of the mean

and fnedian of the panel's opinion and the degree of spread from the

mean. This feature assures that all opinions are represented in the

response, not just the majority opinion. These features have, in fact,

been found to correct for many of the problems connected with collecting

expert opinion in a classical panel or round-table forum (5:16; 13:16-

17).

\nother advantage of the Delphi technique over face-to-face discus-

sirms is that it is more accurate. Experiments performed by both R.

Campbell and Norman Dalkey show that information resulting from the use

of the Delphi fechni u -r more likely to be correct than those result-

11



ing Cr - a face-to-face discussion. Campbell's experiment involved the

use of a group of graduate students who were asked to make short-range

economic forecasts from a set of supplied data. The students were

divided into groups that used the Delphi and those who used any type of

"free communication" desired. The result of the experiment was that the

Delphi forecasts were more accurate in 13 cases, after the fourth round

and the non-Delphi groups were more accurate in only two cases.

Dalkey used a g-roup of ten graduate students who were divided into

t' o rups. In this experiment, the face-to-face discussion group was

jiven specific instructions as to the procedures that were to be used.

The Delphi group used the Delphi procedures. The result of Dalkey's

experiment was that the Delphi group was more accurate in 13 cases and

the face-to-face group was more accurate in 7 cases (4:7-12; 5:21-23).

One author stated:

Dalkey's findings show that the group process in Delphi does an
efficient job of extracting information from a panel as
compared with face-to-face interaction. While none of these
findings can "validate" a Delphi forecast, taken together they
indicate that when it is necessary to use expert opinion,
Delphi is a good way of getting it. (13:23-24)

The Delphi technique has not been developed without its critics. H.

Sackman charged that its biggest problem is that the results of a Delphi

exercise are not verifiable. He says this is a major violation of the

rules of scientific research. Sackman also had other criticisms includ-

ing: lack iuf documentation of experience and qualifications of the

('xp(,rts, biased results due to respondent dropout, 'he time required of

the participants to complete all rounds, and encourages "snap judgments"

jsack-man:i,- 2). Most of the Delphi studies that Sackman used to

develop these criticisms were of the forecasting type. Since this

12



research does not involve forecasting and focuses on the determination

of factors, these criticisms will have little or no impact on the con-

clusions dran from this use of the Delphi technique.

The first step in implementing the Delphi technique is the selecting

of panel members. This step is probably one of the most difficult and

most critical portions of the Delphi technique. The first problem is

defining .tat an expert is in the technical area of research. Then the

c t p -, rns r indirig individuals -who are "true" experts in that

fied. Another problem is selecting a panel from the available experts

hat il1 be unbiased aid represent a cross section of available thougtht

on the subject being addressed (4:3-1: 13:26-29). M'lartino says "It

,annot be emphasized too strongly that choosing the panel is the most

important decision the panel moderator will make, and considerable

effort in making a good selection is fully justified" (13:29). Authors

-Jones and Tiiss recommended that the number of experts included on the

panel should be between 10 and 50. It was pointed out that less than 10

parel members may limit the availability of varied backgrounds and the

accuracy of results (11:229).

Once the questionnaire has been developed and pretested fcz accuracy

aiid validation of' statements, the first. round can be initiated. Accom-

pan yirng the first round should be a clear statement of the Delphi pro-

coedure. After the rt._:onses are returned, medians should be calculated

f'or each quest ion and any comments that were returned should be reviewed

f,,r rel vance. The medians and relevant comments are then incorporated

into, the survey and returned to the panel members. In round two, the

panel members are asked to consider their responses in relation to the

mcd'an response and the comments provided, and make any changes and

1:3



comments that they feel are appropriate. This process of rounds is

continued until consensus is reached or stability is achieved on at

least 70 percent of the questions with a minimum of two rounds being

executed. Consensus is defined as at least 50 percent agreement within

the paniel and stability is achieved t-hen no further change in opinion is

texpressed. O)nce consensus or stability is observed, the opinions

t:,rss(d in the final round are regarded as the panel's ronclus ions

"Ifan ,tlu'l medial- ca rulat iens are used in the analysis of the su'vey

rh'. . 'al1ulat i,,ns are used as a measure of central tendeny

" " a la. "The medi,.an of a set of measurements i s defined to he the

Mi 1 tA v Iw .h (n the measurme-nt s are arranged from lo%, est to hit e s '

lI,:, V1 . The median of an odd number of measurements is simply the

midl- valu. The mcdian ,f an even number of measurements, ho.ever, is

the average o f the t.-o middle values. "The arithmetic mean, or mean, Ff

a sit,t )f meiasturements is define , to he the stun of the measuremeits

c~ivi ,- l the t,)tal ntunber of measurements" (17::15).

POpu1 _t ion

Sinceo the focus of" this research is the determination of factors

al'fect inr the acceptance of computer simulation results by weapon system

pr(,iram managers, an expert must be experienced in the use of simulat in

rt : sin e,, cizi-, -aking. In addition to decision making, the

irdivi-iua must also be in a position of responsibility requiring" a

,hItt.rmiriarti, of acce.ptance of the simulat ion results. Within the Air

F,,re.e , a ps it i,,n having these characterist ics is that of program mni-
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r M Uhet ' 'r( , t he samup I e or' expert s . as dra,-n from a populat ion of

;I- 4ma auawgurq n Owe ;t pfuisi ion~ of .. eapon svsterns for the USAF.

- the purpose's of this research, it wgas decided that experts in

irbq nm ing, as it app! i us to A ir Force weapon system acqu is it i"n,

1- do't4n as M'ko 'rs or the gra(1e 0-6 o-r above~ -it h a Puit Ai r

K 14 al K W 4 IAl'S of 0002, 0016 or 0029. These I)AFS('s are

x -I- K man', mks I r-ni or-*;,n' Ir~1- n It "

- hu' 1 l r p.r-% im it ta I Fl. It '-a it.-o 1ias flIn(K

er~1t o. -:itrartor-i st i of t he ir p er-s

an "d l ujoi h ) Air V-rae aclri sI i i'n ('ornrun itvy. A list of 2.--

:! 1 iktj I ' p", uss1 ,t he ite s -a-y char-a( t er is~ t i as .Ans rece ived f rom

15 iv-'lro Vfw, t \SDi. Fr- the L_-' itidiviciuals :isted 20 0)-6

In o iitt in the rwstvarrh. P should be noted that

rili t~ ),n t h is rot 'sarnh orie X t he panelI membe rs w.as

r i Tv ' -' n r (, -'t 1

1 1I

-_;k !(, -c!r)v'k ia. us.t P'' ti, tr he far't "rs outlIined by Morr is arid

rk'! !lo' i':M1 point Lilert srait' m-uld be used. Ample space

[11-f to rn 'durvp '' .as prut us t d 1v four members of the

\I'~ ~ IIaKI4~Yttit'iUid Login 1, , St I'~ riaculty. "f these four-

rt-mki e-s rip is ain irs trck t orf"Research Methods'' and is very knowi -

o'!'t' tb in the [Delphi tocniique, , e has used the Delphi technique in



previous research and has worked within a SPO org'anization, the third is

expe-ienced in the use of computer simulations and the interpretation of

their results, and the fourth is familiar with general SPO operations

and administrative procedures. Comments provided by these individuals

were incorporated into the survey before the first round was sent out.

The individuals who took part in the pretest did not participate in the

actual Delphi exercise.

P urid fki The first round Delphi survey included :G dempq, phPi

,uest :os, l6 quest ions pertaining to the factors out I ined ,v ,(, -I,

Lvd an ended request for comments and additional factors that

sh, ulrl b n cnsidered. The first round Delphi survey is (isplayed in

\ppendix A. Of the 8 demographic quest ions, quest ion'9fs 7 and . .nr,

designed to eliminate from the exercise those individuals that had n,,

had any exposure to computer simulation studies or the use of s:mil;ati,

results. Queist ions 10 through 23 used a five print Likert sale t-

mr; sure the expert's responses. Each expert ..as asked t, rns ,, Kn

setting the descriptive term that most accurat -ly ref'le It,,I th,,i-

.ju,Anent on each question. The Likert scale used is depicted in F"4r,>

--)M-)TRNG STRONG W*DDFATE L I 1TLE NA .4) ()PIN I ()'
EI-XT EFFECT EFFECT EFFECT EFICT I ')N T t N iI-J SF \NW

Fig. I. Likert Rating Scale

'I l ik rt s'al, "as selected for use in this r,,i arh ,ecUs, ,

stmeral advantagps over other methods. This scale is easy ud Iu

,rist r 'ct , and is easy to interpret al lowing for maxirmr [-n rt iipat i

1 6



by panel members. The Likert scale is "probably more rcliable" and

provides a ,-reater volume of data than other similar scales (8:255-258).

Question 24 was designed as an attempt to rank order the 14 factors

in order of importance. A column was also provided labeled "Personal

Knowledge Required" in an attempt to determine .hich of the factors were

used personally by the progran managers and which they believe were the

responsibility of a lower level manager.

The ording for the r'over letter and the survey instructions to the

panel memlets .,(ere taken from Captain Ralinda Gregor's 1988 thesis (10).

The participants were asked to return the surveys in ten days.

Telephone fol lowLip cal ls -.-ere made after three weeks to those panel

mem!.ers "w-ho had not responded. At the end of the fifth week only one

additional survey had been received. This resulted in a total of 16

sun-eys being returned, an 80 percent return rate. Of the 16 returned

suirveys, 7 panel members stated that they had had no exposure to the use

sirula ion results on the job. This yielded 9 panel members to take

parr in the second round of the exercise.

Round IN.o The second round Delphi survey included all factors,

even if consensus had been reached on the first round. This was done to

al : the, patil members an opportunity to see the first round results

arid make any comments or changes desired. The panel's ratings were fed

Va k in the form of frequency counts for each descriptive term, as -.ell

Ls n;y comment s that had been made for each quest i on. 'o add it i ona I

far,, .,re ; snggiest edas part of the fi rst round. These two new fac-

tors "ere inc luded as new questions in the second round and panel mem-

e -rs were asked to determine where within the prioritized list of fac-

t(,r;, nroind one' jiifisti r 21, they should be placed.

17



In this research, the tool used to feed back an earlier round's

results was a frequency distribution of the responses, not the standard

mean, median and interquartile range (IQR). This was done in order to

provide the most accurate feedback possible. This also avoided the

problem of the panel members thinking that a designator 1 through 5,

being assigned to the descriptive terms, was in some way showing an

order of desirability.

The secnnd round Delphi survey is displayed in Attachment B. The

wording for the second cover letter and the survey instructions to the

panel members were taken from Captain Ralinda Gregor's 1988 thesis (10).

Telephone folloup calls were made after two weeks to those panel

members "who had not responded. At the end of the fourth week one

additional survey had been received. This resulted in a total of eight

surveys being returned, an 89 percent return rate.

S munar

This chapter provided a synopsis of the process used to develop a

profile of factors affecting the acceptance of computer simulation

results. A description of the Delphi data collection technique was

provided as .ell as an analysis of the population and sample. It was

explained that Morris' list of factors was used as a foundation for the

round one survey and that 15 responses out of the 20 surveys distributed

rer: rriwed. Only 9 of the 15 responses were used in the second round

of th,. ( xercise. The next chapter prtesents and analyzes the data

obt;aned in the research.
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I1. Findings and Analysis

This research dealt with determining the factors affecting the

senior Air Force program manager's acceptance of computer simulation

results. Chapter 1I described the research plan, including a descrip-

tion of the Delphi data collection technique. This chapter presents a

demographic characterization of the panel members who participated in

the Delphi exercise and the Delphi results.

Delphi Panel

The first round Delphi panel consisted of nine colonels representing

61 years of combined SPO experience. The panel also contributed 36

years of combined computer simulation experience. During the second

round of the Delphi survey, one of the colonels did not respond reducing

the years of combined SPO experience to 59. All panel members are

presently assigned to AFSC with six of the participants having pre-

viously been assigned to Strategic Air Command (SAC) or Tactical Air

Command (TAC). Four of the officers had been assigned to either Head-

quarters Air Force (HAF), United States Air Forces in Europe (USAFE) or

the Pacific Air Forces (PACAF). Three individuals have been in AFSC for

their entire Air Force career.

In the area of educational backgrouid, seven of the members received

:heir bachelor's degree in engineering, with the two remaining

possossin'r undergraduate degrees in business administration. However,

only four of the panel members earned graduate degrees in engineering

• hile six earned degrees in either business administration or program

management (note that. one individual had earned masters degrees in both
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engineering and business administration). One panel member does have a

doctorate in engineering. Interestingly, only one of the panel members

had ever taken any formal computer simulation education courses and even

then, he only had taken two courses. Tvo of the nine had participated

in the development of at least one computer model and all had used

computer simulation results in decision making.

Delphi Survev

The round one survey consisted of 24 questions, including nine

demographic questions, fourteen Likert scale items and one relative

importance, ranking, question. The round two survey contained seventeen

questions. Sixteen Likert scale questions, two of .hich had been added

as a result of the first round, and one relative importance, or ranking,

question. The Delphi exercise was terminated at the conclusion of the

second round.

Round One Twenty round one surveys were sent out. Of the 20

surveys distributed 16 were returned. This yielded an 80 percent return

rate, however seven individuals disqualified themselves as experts in

the use of computer simulation results. Follow-up telephone calls were

made to the remaining four survey recipients; however, due to temporary

duty assignments (TDYs), scheduled leave or other reasons, these

individuals did not complete the survey. A telephone call was made to

orne of the panel members to clarify his demographic data.

A ,Lrutary of the panel members' responses to the first round Likert

scale questions is shown in Table 1. Each term in the Likert scale was

assigned a numerical rating with 1 being assigned to "No Effect" and 5

being assigned to "Very Strong Effect." A rating of 0 was assigned to a
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Table 1. Likert Responses -- Round One Delphi Survey

Personal
Ratings Knowledge

Factor 5 4 3 2 1 9 Mean Median Required

Uhderstanding of
technical information 1 6 2 0 0 0 3.83 4 10/

Degree represents
"real world" 4 5 0 9 1 9 4.44 4 89%

Code verification 1 2 3 3 9 9 3.11 3 56/.

Agreement with personal
insights/intuition 3 4 2 0 9 9 4.11 4 50%

Supervisor acceptance 1 4 4 0 0 0 3.67 4

Other program managers
acceptance 0 1 4 4 0 0 2.67 3 ,:A

Degree (magnitude) of
development effort 9 1 3 3 2 0 2.33 2 560%

Ability to understand
recomnmendat ions from
results 3 5 0 0 0 1 4.38 4 11%

Confidence in individual
presenting results 2 6 1 0 0 0 4.11 4 220/O

Confidence in individual
performing simulation 2 5 1 1 0 0 3.89 4 33%

Cost of performing
simulation 9 9 4 3 2 9 2.22 2 11%

Personal previous
experience 0 5 4 0 0 0 3.56 4 11%

Skill used in
presenting results 0 3 6 0 0 0 3.33 3 W.

Formal education
courses 0 1 3 5 9 0 2.56 2 89%

21



response of "No Opinion/Don't Understand." This summary includes the

calculated mean and median for each factor. It also includes the per-

centage of respondents that indicated they required personal knowledge

of the information as opposed to being dependent on individuals lower in

the organization for the knowledge. The last question of round one

called for the expert to rank order the factors, with "1" being the most

important. The ranking is shown in Table 2 and includes, for comparison

purposes, the calculated mean and median values, from Table 1, for each

of the Likert questions. A determination of consensus was not made

after the first round since a minimum of two rounds were required.

Comments made by the panel members are listed in Appendix C.

Table 2 shows that seven of the factors clearly had a "strong

effect", a median of 4, on the manager. An eighth factor with a median

of "41" as also identified; however, it was ranked last as part of the

ranking exercise. This difference brings into question the accuracy of

either the ranking or the Likert response of that last factor. It would

appear that a combination of small sample size, extreme views and nega-

tive connotation of "intuition" being used by top management in decision

making led to this factor receiving a low initial ranking while still

having a "strong effect" on the Likert scale. The high Likert median

appears to be an accurate measure of this factor's effect. This can be

traced to research which shows that the lack of information, uncertainty

attributed to information, and conflicting goals of an organization

force the manager to depend on "personal insights and intuition" to

arrive at good decisions (22). One of the experts said that "Unfortun-

ately, we all suspect the model builder, because simulations have been

used for political purposes; thus, and again unfortunately, simulations
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Table 2. Ranked Factors -- Round One Delphi Survey

Likert
Rink Median Mean Factor

1 4 4.44 Degree to which model represents the "real world"

2 4 3.83 Technical information incorporated in the computer
model

3 4 3.89 Confidence in individual performing simulation

4 4 4.11 Confidence in individual presenting results

.5 4 4.38 Ability to assimilate recommendations

6 4 3.56 Previous experience with simulations

7 4 3.67 Superior's acceptance of simulation results

8 3 3.11 Verification of correct software coding

9 2 2.33 Degree (magnitude) of effort developing results

10 2 2.22 Cost of getting results

11 3 2.67 Other program managers' acceptance of simulation
results

12 2 2.56 Formal education courses in computer simulation

13 3 3.33 Tact used in presenth-Lg results

14 4 4.11 Manager ' insights and intuition
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that counter our intuition are often rejected." The remaining six

factors were rated as approximately equivalent in importance. It

appears that the factors ranked numbers one through five have equally

3trong effect on the managers acceptance of simulation results.

Of the fourteen factors in the first round survey, six were related

to the manager's own perceptions. The eight remaining factors pertain

to knowledge required by managers to make decisions. These eight fac-

tors are listed in Table 3. In round one, the experts were asked to

mark if they believed managers required personal knowledge of any of

these factors. Each of the top five factors in Table 3 received a 50

percent or better response. These top five factors were also rated as

having a "strong effect" by the Likert evaluation. The remaining three

factors received less than a 50 percent response when the experts were

asked about personal knowledge requirements and had less than a "strong

effect" Likert median. These results show that experts believe that

man ers require personal knowledge of those factors that strongly

affect their decisions. Additionally, the experts believe that the

manager expects his subordinates to monitor the less important factors

as indicated by the lower Likert median and ranking. In other words

words, managers need to have more personal knowledge about the important

factors than they do about the factors which have little effect. so

that the manager can focus on the more important issues.

A number of very good comments were received as part of the first

rfond responses (Appendix C). Several of these comments are provided

here. (ne expert made a statement in connection with a manager's under-

staiding of the technical information used in simulations that "too

often managers believe the data is being manipulated to get an answer if
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Table 3. Ranked Factors Requiring Manager's Personal Knowledge

Personal
Knowledge

Rank Requi red Factor

1 89% Degree to which model represents the "real world"

2 1O ./ Technical information incorporated in the computer
mode I

7 5(/o Superior's acceptance of simulation results

R 560% Verificatinn of correct software coding

9 .56/ Degree (magnitude) of effort developing results

10 11% Cost of getting results

11 33% Other program managers' acceptance of simulation
results

13 W, Tact used in presenting results

they don't understand the detail." Another expert pointed out that a

model's ability to represent the "real world" is not always very impor-

tant. He said "many times we can only guess at 'real world' but the

simulation is still valuable in choosing between alternatives...." Two

of the more significant comments were recommendations of additional

factors to be included in the second round that had not been included in

William Morris' list, described in Chapter II. The first recommended

factor was "acceptance by user [the organization for which the weapon

system is being procured] of the simulation representing the real

world." The second additional factor recormended was "Acceptability of

the model yh, the community that generally conducts simulations in the

pfe,.cialty area." These factors were added to the round two survey.

Rouerd T.r, The round two survey was sent to each of the nine panel

membh.r% r',maining after the first round. Eight of the nine returned the
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survey resultirg in an 89 percent response rate. The one individual

that failed to return the survey was contacted. He stated that he had

not understood that the package was the second round survey and had

thrown it away thinking that it was another copy of round one. He also

said that he did not have the time to complete another survey and asked

to be removed from the exercise.

As part of the second round survey, each panel member was asked to

respond to the same fourteen Likert scale questions plus the one addi-

tional question for each of the two new factors introduced as a results

of the first round comments. Each of the original fourteen questions

included a statement of his/her first round response, a frequency dis-

tribution of all first round responses and any comments which had been

made. This information allowed the individual to compare his/her

responses to those of the other members of the panel. A sunmmary of the

second round Likert questions including calculated mean, median and

statement of consensus for each factor are shown in Table 4. The data

derived from the rank ordering question was includci 1r the second round

survey. The mean of the first round responses for each factor was used

as the basis to rank and reorder the factors. This reordered list of

factors 7.as presented to the panel members for re-evaluation; however,

their first round responses were not included. The panel members were

also asked to place the two new factors into the revised ranking. The

revised raunkinig is shown in Table 4 and includes the calculated mean and

median from the Likert questions, Table 5, for each factor. Comments

returned .ith the second round are listed in Appendix C, along with the

ficst round comments.
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Table 4. Likert Responses -- Round Two Delphi Survey

Rat ings
Factor 5 4 3 2 1 0 Mean Median

Understanding of
technical information 1 5 2 0 0 0 3.81 4 Consensus

Degree represents
"real world" 2 6 0 0 1 0 4.25 4 Consensus

Code verification 0 2 3 3 0 0 2.88 3

Agreement with personal
insights/intuition 3 4 1 0 0 0 4.25 4 Consensus

Supervisor acceptance 1 4 3 0 0 0 3.75 4 Consensus

Other program managers
acceptance 0 1 4 3 0 0 2.75 :3 Consensus

Degree (magnitude) of
development effort 0 1 3 3 1 0 2.50 2.5

AbiliLy to understand
recommendations from
results 1 7 0 0 0 1 4.25 4 Consensus

Confidence in individual
presenting results 1 7 0 0 0 0 4.13 4 Consensus

Confidence in individual
performing simulation 1 6 0 1 0 0 3.88 4 Consensus

Cost of performing
simulation 0 0 3 4 1 0 2.25 2 Consensus

Personal previous
experience 0 5 3 0 0 0 3.63 4 Consensus

Skill used in
presenting results 0 3 5 0 0 0 3.38 3 Consensus

Formal education
courses 0 0 3 5 0 0 2.38 2 Consensus

Acceptance by user d 6 2 0 0 0 3.75 4 Consensus

Acceptance by
simulation community 0 7 1 0 0 0 3.88 4 Consensus
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Table 5. Ranked Factors -- Round Two Delphi Survey

Likert
Rank Median Mean Factor

1 4 4.25 Degree to which model represents the "real world"

2 4 3.81 Technical information incorporated in the computer
model

3 4 3.75 Acceptance by user of the simulation's ability to
represent the "real world"

4 4 3.88 Confidence in individual performing simulation

5 4 4.25 Ability to assimilate recommendations

6 4 3.88 Acceptability of model by the community that
generally conducts simulations in the specialty area

7 1 4.13 Confidence in individual presenting results

8 4 3.63 Previous experience with simulations

9 4 3.75 uperior's acceptance of simulation results

10 4 4.25 Managers' insights and intuition

11 3 2.88 Verification of correct software coding

12 2 2.25 Cost of getting results

13 2.5 2.50 Degree rmagnitud of effort developing results

14 3 2.75 Other programn managers' acceptance of simulation
results

15 2 2.38 Formal education courses in computer simulation

16 3 3.38 Tact used in presenting results
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The second round of the Delphi exercise ended with consensus being

achieved in fourteen of the sixteen Likert questions. This 87 percent

consensus exceeds the 70 percent put forth in the previous chapter to

determine closure, therefore the Delphi exercise was not carried into a

L1 L d round.

A comparison of the medians for each factor, included in both survey

rounds, shows that none of the values changed. This combined with the

minor chang'es seen in the calculated Likert means indicate that no

etfct ive change in opinion took place during the two rounds. The

raking question, however, included a significant change in the "man-

acrer's insig hts a.d intuition" factor. This factor was moved up in the

ranking six positions. This move indicates a definite change in the

expert opinion between the two rounds. The move resulted in the factor

being positioned more appropriately in comparison to the other factors

and their medians. Most of the other factors were only changed by one

o t.o positions, excluding the tw*o new factors. These changes indicate

minor adjustments, refinements, in the ranking and no substantive change

in expert opinion is expressed. The setond round ranking resulted in

all factors with median of "strong effect" being in the top ten ranked

posit ions. This shows that by the two evaluation techniques, Likert

scale and ranking process, these factors have the most effect on the

arceptaznue of computer simulation results. However, comparison of the

tp ten factOrs.' mean and median values with the rankings suggest that

the mean is not a good discriminator of importance within the group.

The top three factors involve knowing the actual characteristics of the

sirmlat ion, not the type of factor requiring the use of intuition or

pvrsonal judfement. "Facts" are most important in accepting results.
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The lower ranked factors, "11" through "16", appear to iaw.-e (,,)nsijj-

erably less effect on the acceptance of simulation results. A compari-

son of the calculated mean and median for the Likert questions, and the

rankings supports this assertion.

The two new factors that were added as a result of the first round's

comments had a definite impact on the rankings. The factor dealing with

"user acceptance" was ranked nunber three and the factor addressin;" the

ace'eptahility of the model by the cormiunity that generally conducts

simulations in the specialty area was ranked sixth out of the sixteen

factors. This is a significant change from Morris' findings about the

factors affecting the acceptance of industrial engineering recommend-

at ions. The difference seen in "user acceptance" is easily explained;

Morris' research was centered on civilian industry where the company

itself is the "user." There was no need to convince an outside agency

of the modelIs accuracy. The second new factor can be described in much

the same way as the first, however there is the added fact that in

industrial companies most of the modeling and simulation effort is

conducted by a central modeling office. In the situation .here one

central office conducts the simulations, there is no other "cormititv"

that conducts the simulations. The importance of these two factors on

the .\ir Force manager's acceptance of computer simulation results sho.

that the concerns and needs of the Air Force program noager are diftr-

rnt than that of the manager in a civilian company. The civilian mani-

ager and the Air Force program manager do not make decisions using the

same types of information. This statement is reinforced by the low

imperto nce of cost in the decisinn process.
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S unmary

This chapter reported the resalts of the research. The data

presented was the result of a two round Delphi exercise. The exercise

-.,as terminated at the end of the second round. The first round survey

was sent to twenty Air Force colonels with sixteen responding, an 80

percent response rate. From the sixteen responses, nine were rnialified

to participate in the second round of the survey. Of the nine sent the

s"c,7,nd r: ,d sur-vey, eig'ht responded yielding an 89 percent response

rate. The Delphi ex ercise was terminated at the end of the second round

'.ith 37 percent of the questions achieving consensus. The first round

of the survey resulted in the addition of tw o new factors to the second

round. The second round ended ,with the top ten ranked factors, in Table

5, all reflecting a "strong effect" on the acceptance of computer simu-

lation results. The remaining six factors show a smaller effect on

simulation result acceptance. The final chapter presents the answers to

the research quest ions and the effect of these answers.
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IV. Conclusions and Recommendations

The DO) has stated, in a plan given to Congress, that simulation and

modeling are essential to the "long term qualitative superiority of US

weapon systems" (15:25). For these simulations and models to be useful

two things must be true. First, the simulations and models must be

accurate. If the simulations and models are not accurate, the erroneous

results obtained will mislead decision makers and planners. Secondly,

these simulations and models must be accepted by management. If the

simulations and models are perfectly accurate, but the managers do not

accept the results, they are not used by the organization. This

research has focused on managerial acceptance of computer simulation

results by senior program managers within AFSC.

In the area of simulation accuracy, there is a multitude of litera-

ture and research being performed. However, in the area of managers

acceptance of simulation results, there is a noticeable lack of informa-

tion currently available. This is even true in the most basic part of

research, the determination of the factors affecting acceptance of

computer simulation results. Robert Sargent has written on the topic of

creating accurate simulations. He pointed out that the primary factor

determining an individual's confidence in simulation is the degree of

validation that has been performed (20:33,38). This can be applied to

the rmranaqe:"'s acceptance of sirmlation results as well. In addition to

Sargent's writings, William Morris has written on managerial acceptance

of industrial engineering recommendations. Morris agrees with Sargent

that validity is a prime factor in managerial acceptance of information.
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However, Morris also proceeded to outline eleven additional factors that

need to be considered (14:16-19).

In light of the fact that no prior research with regard to Air Force

program managers was found, this research is exploratory in nature. The

Delphi survey technique of data collection was selected to identify the

factors affecting acceptance of computer simulation results. The fac-

tors outlined by Sargent and Morris were used as the basis for this

!. 3~° -" o r e'search.

'T)e first round Delphi survey was sent to twenty Air Force colonels

in job positions involving the acquisition of weapon systems. Sixteen

of the colonels responded, however only nine were qualified to be a

member of the expert panel. Only eight of the nine experts responded in

the second round Delphi survey. A presentation of the survey results

and their detailed analysis is presented in Chapter III of this docu-

ment.

Limitations

The accuracy of the research presented is limited for several

reasons. First, this research is the initial attempt to characterize

the factors affecting the acceptance of simulation results, therefore

duplication of these research results are not available. Through dupli-

cation o-f research, higher confidence is associated with the research

resuIts. Setcondly, the nunber of the Delphi panel members was less than

t.n. In Delphi exercises ".here the panel has less than ten members, the

results are co()nsidered to be less reliable than those with ten or more

because of the restriction on differing opinions and experiences from

•hich to draw. The next reason for limited accuracy in the research
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results is the sampling technique used for this research. All of the

experts were drawn from AFSC/ASD; no expert outside AFSC/ASD was con-

sidered for participation in the panel. The inclusion of experts out-

side of AFSC/ASD could have increased the diversity of background of the

panel members as well as increased the number of experts participating.

Discussion

The information resulting from the Delphi exercise was sufficient to

answer the two research questions presented in Chapter I. Each question

is adctressed in the following paragraphs.

The first research question was: What are the factors that affect

the acceptance of computer simulation results used by senior program

managers within AFSC/ASD? The answer to this question was determined

through the use of the iterative feedback feature of the Delphi survey.

Initially, Sargent's and Morris' factors were used to formulate the

survey questions. The experts were then asked to suggest additional

factors that affect acceptance. Two additional factors were identified

through this process yielding a total of sixteen factors. The list of

factors is shown in Table 6.

The second research question was: What is the relative importance of

the factors identified to the senior program managers within AFSC/ASD?

This question was answered through two techniques. The first technique

involved evaluating the individual factors against a Likert scale. By

taking the median of the Likert responses and comparing each against the

other factors' median a relative importance can be determined. The

second technique involved a rank ordering of the factors by each expert.

This technique yielded a direct indication of relative importance. The
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Table 6. Final Ranked Factors

Likert
Rank Median Factor

1 4 Degree to which model represents the "real world"

2 4 Technical information incorporated in the computer model

3 4 Acceptance by user of the simulation's ability to
represent the "real world"

4 4 Confidence in individual performing simulation

5 4 Ability to assimilate recommendations

6 4 Acceptability of model by the conmw-ity that generally
conducts simulations in the specialty area

7 41 Confidence in individual presenting results

8 4 Previous experience with simulations

9 4 Superior's acceptance of simulation results

10 4 Managers' insights and intuition

11 3 Verification of correct software coding

12 2 Cost of getting results

1:3 2.5 Degree (magnitude) of effort developing results

14 3 Other program managers' acceptance of simulation results

15 2 Formal education courses in computer simulation

16 3 Tact used in presenting results
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result of these techniques are shown in Table 6. The results show that

the top ten ranked factors also have the highest medians. The fact that

both techniques are in agreement gives strong indication that the fac-

tors are correctly -rouped together and that they are the primary

influencing forces in the acceptance of simulation results. The remain-

ing six factors also show good agreement between the Likert and ranking

techniques. The ranking and medians indicate that these factors have a

much lower influence on the acceptance of simulation results and, there-

fore, should not be regarded as heavily as the top ranked factors.

According to the research, for computer simulation results to be

accepted by top management, the simulations must correctly represent the

"real world" and the manager should agree with the technical information

incorporated into the simulation. Additionally, he/she should believe

the final user of the weapon system would accept the simulation as a

good representation of the "real world" and the portion of the modeling

community that Tenerally conducts these simulations would also accept

the models used. The manager himself must have confidence in the indi-

victual performing the simulation, be able to assimilate the recommenda-

tions resulting from the simulations and have confidence in the individ-

ual presenting the results. The manager also takes into consideration

his/her prior experience with simulations, his/her superior's acceptance

of simulation results, and his/her orn personal insights and intuition.

It is obvious from this research that managers, according to the

experts, will be more likely to use the results of computer simulations

if those factors identified above are considered during model develop-

ment. Model developers might want to consider a combination of actions

to improve the use of simulation results. First, an evaluation of the
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simulation's technical composition and accuracy should be performed. As

part of this evaluation, the community that generally conducts the

specific type of simulation should be consulted as to their views con-

cerning the computer model under consideration for use. The result of

this evaluation should then be presented to the decision makers

involved. Secondly, the weapon system user, the SPO's customer, should

be included in all phases of the computer modeling and simulation proc-

ess. By Involving the user early in the simulation effort, the user's

needs and concerns can be taken into account; thereby increasing the

overall acceptance of the simulation results. Next, select the individ-

ual(s) to perform the simulation on the basis of expertise in simula-

tions and the specialty area to be simulated. Finally, individual(s)

presenting information concerning the simulation or its results should

have a thorough understanding of the facts surrounding the simulation

effort and address only those results that have a direct bearing on the

decision at hand.

Recommendations

The following recommendations are made for future research to better

define the status of computer simulation utilization within Air Force

weapon system procurement.

I. Research should be undertaken to replicate the results of this

study. A second Delphi exercise should be performed using a larger

number and a broader set of experts. The research should increase

confidence in the factors arrived at in this thesis and identify other

factors that may not have been introduced by this panel of experts.

Follow-on Delphi exercises should probe experts from other AFSC product
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divisions, other major commands and higher headquarters. By probing

these varied groups, a generalized model of factors affecting acceptance

of computer simulation results can be developed.

2. Research should be undertaken to determine the current level of

acceptance of computer simulation results by jianag,-s Air iorce wide.

The sample should include individuals from various major commands, as

, ell as acquisition and test organizations. The research should show

any issues or problems that may exist and indicate where training and/or

education is needed to improve and increase the usage of computer simu-

lat ions by managers.

3. This thesis indicated that 44 percent of the managers surveyed

had never used simulation results in decision making. Research should

be undertaken to identify program managers who state they have never

used computer simulation results in decision making. The research will

include a determination as to the correctness of the statement as well

as a determination of " hy computer simulation has not been used. This

research should uncover areas where program managers are unknowingly

using simulation results and those -.here the manager is intentionally

avoiding the usp of computer simulation results. In both instances,

computer simulation results are not being used in the correct or most

effective manner.

SIaara

The thrust of' this research was to determine the factors which

contribute to the acceptance of computer simulation results. Trhis

determination was accomplished using the Delphi data collection tech-
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nique with an expert panel of nine .ir Force colonels assigned to

AFSC/ASD.

The research found that sixteen factors exist that affect the

acceptance of computer simulation results. The factors are presented in

:f i~~oh~p~.CA' thcsc sixctccn fctcrR, tor, factorz had a

"strong effect" according to a Likert scale rating of the factors.

Computer simulation can be a very effective tool in weapon system

development and procurement, but only if managers are willing to accept

the simulation results. It is this researcher's hope that the knowledge

gained in this research will further the correct usage of computer

simulation and will contribute to the development of more effective

7.eapon systems for the USAF.
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DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY
WRIGHT-PATTERSON AIR FORCE BASE OH 45433-6583

Appendix A: Round C e Delphi Survey

11 May 1989

&NAME&

Wright-Patterson AFB, OH 45433-6583

Dear &NAM1&:

AFIT is performing a Delphi survey. The purpose of this research is

to determine the factors which Affect managers' acceptance of computer

simulation results. You have been selected to participate in this

important research because your experience and insight qualify you as an
"expert" in program management. Your opinions ana comments will be
combined with those of other "experts" to develop a descriptive model of

factors affecting acceptance of simulation results.

The attached Delphi survey solicits your personal opinions in a
ntuber of areas. To assist in this research, please complete the survey

and return it wit i 10 days. As soon as all the responses are

compiled, a second survey wiii be sent to you.

Your comments, suggestions, and ideas regardiiLg this research and
thp model are welcome and encouraged. If you have any questicns about

this survey please call me at (513) 255-3355 (AV:785-3355) or Captain
Thomas Wiggs at (513) 255-5435 (AV:785-5435). Thank you for making time

to share your expertise.

JOHN DUMOND, Lt Col, USAF 2 Atchs

Head, Department of System Delphi Survey
Acquisition Management Envelope

School of Systems and Logistics
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Round One De lph i Survey

1. Survey Objective:

To obtain expert opinion on what factors affect the managers'
acceptance of computer simulation results.

2. General Comments:

a. The subject areas covered in this questionnaire are not meant
to be complkte or exhaustive. Instead, the coverage is designed to
stimulate your thinking.

b. Your participation and honest opinions are key to the success
uf this research project. There are no right or wron. answers.
Therefore, all your ideas and brainstorming comments should be included.
In later rounds of questioning, these ideas may spark additional
comments by other participants.

c. At least two rounds of questions will be needed to arrive at a
group consensus. The first round should not take more than twenty
minutes to complete. Each of the remaining one or two rounds should
take less than thirty minutes. After each round, all participants'
responses will be compiled and given back to you at thu t ,rt of th-.
next round. You will be provided an executive summary of this research
attar it is completed.

d. The questionnairc is divided into two sections. The first set
of questions are inquires as to your personal background. The second
set of questionR address the issue of factors affc+ir_ managers'
acceptance of computer simulation results.

e. The nunber in the upper right-hand corner of the questionnaire
is for survey control purposes only. Please be assured that complete
anonymity will be enforced.

1. Specific Instructions:

a. Then the question calls for an answer along a scale, please
circle the response which most accurately reflects your judgment on
that question.

b. When a question requires a ranking response, please rank order
the alternatives, using "1" for the most important item.

C. Please feel free to iaclude the rationale for your answers,
especially for those areas where you feel strongry. Add any
illustrations, examples, or experiences you have had that will help the
other participants understand your response. Feel free to write your
comments on the back of the survey sheets. Please number your comments
so they correspond to the question you are answering.
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d. Any ideas or recommendations you have for improving the
manager's acceptance of computer simulation results should also be
included with your responses. Your ideas will be shared with others who
care about the acceptance of simulation results.

e. The last page of this survey is for any additional comments you
feel are pertinent to this study.

f. Tf "ou have any questions about this survey please call Capt
Thomas Wiggs at (513) 255-5435 (AV: 785-5435) or LtCol John Dtnond at
(513) 255-3355 (AV: 785-3355).

TI".%K YOL FOR P.A-MrICIPATING IN THIS SURVEY.
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Section 1: Questions on your personal background.

1. That is your RANK/GRADE:

2. What was your major field of study for each degree:
(Place answer in the space provided next to each degree listed
below)

A. Egineering
B. Liberal Arts
C. Sciences
D. Business Administration
E. Program Management
F. Other:

Bachelor:

Mas t ers :
Doct orate:

:3. How many formal computer simulation courses have you taken:

4. How many years of System Program Office (SPO) experience do you
have'? (To the nearest year):

5. How many years of computer simulation experience do you have? Count
the years of development, design and/or programming of simulations,
as well as decision making based on simulations. (To the nearest
year) :

6. What major commands have you been assigned to:
(Mark all that apply)

A. SAC C. MAC E. AFLC G. Other

B. TAC D. AFSC F. AFCC

7. Have you ever participated in the development a computer model?

YES NO

8. Have you ever used the results of a computer simulation in decision
making?

YES _NO

9. If the answer to both questions 7 and 8 above are NO, DO NOT GO ANY
FURTHER. Please fold the questionaire, place it in the provided
envelope and return to the address provided.
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Section 2: Prior research has suggested that factors in the questions
below may affect the acceptance of computer simulation results by
managers. Please read each question and circle the answer that most
accurately reflects your judgment on that question. Use the following
scale:
V ERY STRO)NG STRONG MO)DERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

10. What effect does a manager's understanding of the technical
information used in simulations have on their acceptance of
simulation results?

%FRY STRONG STRONG MODERATE LITLE NO NO OPINION/
EFFE CT EFFECT EFFECT EFFECT EFFECT DON 'T LUN)ERST.M-D

11. Nhat effect does the degree to which a computer model represents the
"real world" have on a manager's acceptance of simulation results?

VERY STRONG ST".u&i MWERA'rE LITTLE NO NO OPINION/
EF FT EFFECT EFFECT EFFECT EFFECT DON' T INDERSTkNTD

12. What eftect does the verification of correct software coding in the
model used for simulation have on a manager's acceptance of
simulation results?

VERY STRONG STRONG MODERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON 'T UNDERSTAND

13. Vvhat effect does the simulation results' agreement with the
manager's insights and intuition have on his/her acceptance of
these results'?

VERY STR('NG STRONG MODERATE L17TLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

Comments:
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14. "hat effect does the general acceptance of simulation results by a
manager's superiors have on his/her acceptance of simulation
resul ts?

VERY STRONG STRONG MODERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

15. That rffect does the acceptance of simulation results by other
program managers have on a manager's acceptance of simulation
results?

VERY STRONG STRONG MODERATE LITTI,E NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON 'T LDERSTA ND

1 s3. That effect does the deg-ree (magnitude) of effort used in developing
the simulati.,n have on a manager's acceptance of the results?

\ERY STRONG STRONG MODERATE L ITIY, NO NO OPINION/
EFFECT EFtI EXT EFFECT EFFECT EFFECT DON' T UN)ERST.kND

17. What effect does the manager's ability to understand recommendations
resulting fi'om simulations have on his/her acceptance of the
simulation results'?

%FRY STN' G STRONG M)DERATE LIITLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON 'T UNDERSTAND

18. TNhat effect does a manager's confidence in the individual presenting
the results have on his/her acceptance of simulation results?

VERY STI G STRONG ,,DERATE LITTIE NO NO OPINION/
FEt, ECT EFFECT EFFECT EFFECT EFFECT DON 'T LUNDERSTAND

C-',)rum rn t .s'
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19. Thliat effect does confidence in the individual performing the
simulation have on a manager's acceptance of simulation results?

VERY STRONG STRONG MODERATE LITTIE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

20. What effect does the cost of obtaining the simulation have on a
manager's acceptance of simulation results?

%ERY STRO'NG STRONG MODERATE LITLE INO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

21. Tat effect does a manager's previous experience with simulation
have on their acceptance of simulation results later?

VERY STRONG STRONG MODERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

22. That effect does skill used in presenting the simulation results
have on a manager's acceptance of these results?

VERY STRONG STRONG MODERATE LI'TIE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

23. What effect does formal education courses in computer simulation
have on a manager's acceptance of simulation results?

\ ERY STRONG STRONG MODERATE LITLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTND

Comments:
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24. In the blanks to the left of each item, rank order the
following items (I being most important) as to what you feel has had
the most impact on managers' acceptance of computer simulation
results.

In the blanks to the rigt of each item, mark the items that
managers require personal knowledge of, leaving blank those items
that the manager does not care about or that may be the
responsibility of individuals lower in the organizational structure.

PERSONAL
RAN'K KNOWLFED

A. Technical information incorporated in

the computer model
__B. Degree to uhich model represents the

"real world"
C. Verification of correct software coding

_ D. 'Managers' insights and intuition
E. Superior's acceptance simulation results

_ . Other program managers' acceptance of
simulation results

_ G. Degree (magnitude) of effort developing
results

H. Ability to assimilate recommendations
I. Confidence in individual presenting

resv' ' s
J. Confidence in individual performing

simulation
K. Cost of getting results
L. Previous experience with simulations

M. Tact used in presenting results
N. Formal education courses in computer

simulation

Comment s:
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Is there anything else you would like to add or any other factors you
feel should be included'?

Thank you for completing this questionnaire and sharing your opinions.
Please send through distribution or mail this survey as soon as possible
to:

AFIT/LSG (Bldg 641) (Capt Thomas Wiggs)
Wright-Patterson AFB, OH 45433-6583
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DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY

WRIGHT-PATTERSON AIR FORCE BASE OH 45433-6583

Append ix B: Round 1.o Del pjhi Survey

21 June 1989

&NAME&
&OFFICE&
Wright-Patterson AFB, OH 45433-6583

Dear &NAME&:

Thank you for completing the first round of the AFIT Delphi survey
on the factors affecting acceptance of computer simulation -asults.
Your comments were of great value to this research.

The second round Delphi questionnaire containing respondent feedback
is attached. Please read the comments and then answer the questions
that follow. You will also note that the feedback provided for each
question includes the frequency distribution of responses, plus your
response on the last Delphi questionnaire. You may want to consider all
the feedback in making your responses on this questionnaire.

Captain Wiggs and I appreciate the time you are investing in this
research. Please try to return your completed survey within two weeks,
so the responses can be analyzed and a third round begun in July, if
needed. Thank you again for helping us learn more about the usage of
computer simulation results.

JOHN DUMOND, Lt Col, USAF 2 Atchs
Head, Department of System Delphi Survey

Acc isition Management Envelope
School of Systems and Logistics
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Round Two Delphi Survey

1. Survey Objective:

To obtain expert opinion on what factors affect the managers'
acceptance of computer simulation results.

2. General Comments:

a. During this round you will be given the frequency distribution
for all responses for each question directly above the descriptive
terms. You will also have representative comments listed with the
question for which it was given. This feedback is designed to provide
some "food for thought" as you revisit these questions. You will have
space to make further comments regarding this feedback.

b. Your participation and honest opinions are key to the success
of this research project. There are no right or wrong answers.
Therefore, all your ideas and brainstorming comments should be included.

c. The number in the upper right-hand corner of the questionnaire
z fr survey control purposes only. Please be assured that complete

anonvmity will be enforced.

3. Specific Instructions:

a. Please consider the feedback provided with each question before
you respond to the question. Please note that as a result of round one
there are two new factors which require evaluation.

b. When the question calls for an answer along a srqlt-, please
circle the response which most accurately reflects your judgment on
that question.

c. When a question requires a ranking response, please rank order
the alternatives, using "1" for the most important item. On question 17
you will be asked to show ,here the two new factors should be inserted
into the order of importance.

d. Please feel free to include the rationale for your answers,
especially for those areas where you feel strongly. Add any
illustrations, examples, or experiences you have had that will help the
other participants understand your response. Feel free to write your
comments on the back of the survey sheets. Please number your comments
so they correspond to the question you are answering.

e. Any ideas or recommendations you have for improving the
manager's acceptance of computer simulation results should also be
included with your responses. Your ideas will be shared with others who
care about the acceptance of simulation results.
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e. The last page of this survey is for any additional comments you
feel are pertinent to this study.

f. If you have any questions about this survey please call Capt
Thomas Wiggs at (513) 845-0652 or LtCol John Dumond at (513) 255-3355
(AV: 785-3355).

THANK YOU FOR PARTICIPATING IN THIS SURVEY.
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Prior research has suggested that factors in thc questions below may
affect the acceptance of computer simulation results by managers.
Please read each question and circle the answer that most accurately
reflects your judgment on that question. Use the following
scale: e
VERY STRONG STRONG MODERATE LITTLE NO NO OPINION/
E'rECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

1. What effect does a manager's understanding of the technical
information used in simulations have on their acceptance of
simulation results?

YOUR ROUND 1 RESPONSE:

CVt-IENTS: "Between moderate and strong - too often managers believe
the data is being manipulated to get an answer if they don't
understand the detail." (NOTE: Data point counted as a "Strong")

ROU)ND I RESPONSES:
1 6 2 0 0 0

VERY STRONG STRONG K)DERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

2. What effect does the degree to which a computer model represents the
"real world" have on a manager's acceptance of simulation results?

YOCR IROND 1 RESPONSE:

CYI4'ENTS: "Depends: many times we can only guess at 'real world'
but the simlation is still valuable in choosing between
alternatives, using the source set of assumptions, or a controlled
set of variables."
(NOTE: One panel member supplied two responses in connection with
the above comment)

RON D 1 RESPONSES:
4 5 0 0 1 0

XRY STRONG STRONG MODERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

Co nent s:
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3. What effect does the verification of correct software coding in the
model used for simulation have on a manager's acceptance of
simulation results?

YOUR ROUND 1 RESPONSE:

CNVt4ETS: "Think the answer is little, but should be strong."

ROUND 1 RESPONSES:
1 2 3 3 0 0

VERY STRONG STRONG MODERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

4. What effect does the simulation results' agreement with the
manager's insights and intuition have on his/her acceptance of
these results?

YOUR ROLND 1 RESPONSE:

COW4-NTS: "Too often the model results are accepted only if they
support intution."

"Unfortunately, we all suspect the model builder, because
simulations have been used for political purposes; thus, and again
unfortunately, simulations that counter our intution are often
rejected."

IOUND 1 RFSPONSES:
3 2 0

VERY STRONG STRONG MODERATE LITTE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

Comments:
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5. What effect does the general acceptance of simulation results by a
manager's superiors have on his/her acceptance of simulation
resul ts'?

YOUR ROLD 1 RESPONSE:

CXt44ANTS: NONE

ROUND 1 RESPONSES:
1 4 4 0 0 0

VERY STRONG STRONG MlODERATE LIT1E NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

6. What effect does the acceptance of simulation results by other
program managers have on a manager's acceptance of simulation
re su I t 3 '?

YOUR ROUN114D 1 RESPONSE:

CWtENTS: NONE

ROUND 1 RESPONSES;
0 1 4 4 0 0

VERY SIRO)NG STRONG MODERATE LITILE NO NO OPINION/
EFFECT EFFECT ECT EFFECT EFFECT DON'T UNDERSTAND

7. What ....ect d LX degree (magnitude) of effort used in developing
the simulation have on a manager's acceptance of the results?

YOUR RUND 1 RESPONSE:

CO!+1WrS: NONE

ROUND 1 RESPONSES:
O 1 3 3 2 0

VERY STRO)NG STRONG MODERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

Comments:
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8. What effect does the manager's ability to understand recommendations
resulting from simulations have on his/her acceptance of the
simulation results?

YOUR ROUND 1 RESPONSE:

C+0IS : NONE

ROUND 1 RESPONSES:
3 5 0 0 0 1

VERY STRONG STRONG MK)DERATE LITrLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

9. What effect does a manager's confidence in the individual presenting
the results have on his/her acceptance of simulation results'?

YOUR ROUTD 1 RESPONSE:

CCMMENTS: "The simulator better be able to defend every variable
and assumption. Consistency and practicality are what I look for.
Did he change his model for this simulation? If so uhy?"

ROUND 1 RESPONSES:
2 6 1 0 0 0

Vh iY S'fl&XNG STI1a3NG M)DERATE LIITIE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

10. What effect does confidence in the individual performing the
simulation have on a manager's acceptance of simulation results?

YOUR ROUND 1 RESPONSE:

Ct14vENTS: "Consistency/Honesty"

ROUND I RESPONSES:
2 5 1 1 0 0

VERY STRONG STRONG MODERATE LI1TIE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

Comment s:
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11. What effect does the cost of obtaining the simulation have on a
manager's acceptance of simulation results?

YOUR ROL) 1 RESPONSE:

CU44ENTS: NONE

ROUND 1 RESPONSES:
0 0 4 3 2 0

VERY STRONG STRONG MODERATE LITITLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

1'2. What effect does a manager's previous experience with simulation
have on tneif acceptance of simulation results later?

YOUR ROUND 1 RESPONSE:

CX1144NTS: NONE

RO-UND 1 RESPONSES:
0 5 4 0 0 0

VERY STROG STRONG MDERATE LITTLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON 'T UNDERSTA1ND

13. What effect does skill used in presenting the simulation results
have on a manager's acceptance of these results?

YOUR RO7UND 1 RESPONSE:

CMHENTS: NONE

ROUND I RESPONSES:
0 3 6 0 0 0

VERY STRONG STRONG MODIERATE LITLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

Comments:
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1-1. What effect does formal education courses in computer simulation
hvc on a manager's acceptance of simulation results'?

YOLR Wti)ND I PESPONSE:

CM E NTS: NONE

ROUND 1 RES[4SFS:
0 1 3 5 0 0

\ERY STRONG STRONG MK)DERATE LITIE NO NO -A'INION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UNDERSTAND

1.5. Whlat effect does the acceptance by the user of the simulation's
ability to represent the "real world" have on a manager's acceptance
of simulation results?

*** Ne', Question ***

\E Y STRUNG STRONG MODERAIE LIITLE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON 'T UNDERST.ND

16. What effect does the acceptability of the model by the conmmunity
that generally conducts simulations in the specialty area (for
instance-- there are several ECM, models, but none are widely
accepted) have on a manager's acceptance of simulation results?

*** New Question ***

'v Y STRONG STRONG .MODERATE LITltE NO NO OPINION/
EFFECT EFFECT EFFECT EFFECT EFFECT DON'T UN)ERSTAND

C rnrent s
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17. Given the results of round one, below, revise the rankings as
needed.

To the left of each item is the ranking (I being most
important) as to .hat you feel has had the most impact on managers'
acceptance of computer simulation results.

To the right of each item is the number of panel members
that require personal knowledge of that factor 'when using simulation
results. Items that did not require personal knowledge were assumed
to be of no importance or were the responsibility of individuals
lower in the organizational structure.

PERSONAL

R-\'K KNOW4LEDGE

1 Degree to which model represents the 9
"real -world"

2 Technical information incorporated in 8
the computer model

:3 Confidence in individual performing 5
s imulat ion

4 Confidence in individual presenting 4
results

5 Ability to assimilate recommendations 4
6 Previous experience with simulations 3
7 Superior's acceptance simulation results 5
8 Verification of correct software coding 1
9 Degree (magnitude) of effort develooing 2

results
10 Cost of getting results 3
il other program managers' acceptance of i

simulation results
12 Formal education courses in computer I

simulation
1:3 Tact used in presenting results 0_
14 Managers' insights and intuition 8

For the two new factors, below, please indicate .,here within
the updated prioritized list of factors, above, they should be
p I a ed.

A. "Acceptance by user of the simulation's ability to represent
the 'real world.'"

Place between and

B. "\cceptability of the model by the community that generally
conducts simulations in the specialty area. For instance-
there are several ECM models, but none are widely accepted."

Placeo between and
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Is there anything else you would like to add or any othe- factors you
feel should he included?

"Acceptance by user of the simulation representing the real world."

"Acceptability of the model by the community that generally conducts
simulations in the specialty area. For instance-there are several
ECM models, but none are widely accepted."

(NOM: Each of the above listed comments were included as new
questions in this round of the survey.)

't1hnk you for completing this questionnaire and sharing your opinions.
Please send through distribution or mail this survey as soon as possible
to:

,\FIT/LSG (Bldg 641) (Capt Thomas Wiggs)
Wright.-Patte-rson AFB, (A] 45,133-6583
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Appendix C: Delphi Survey Comments

1. What effect does a manager's understanding of the technical
information used in simulations have on their acceptance of
simulation results?

ROUND 1 (14vENTS: "Between moderate and strong - too often managers
believe the data is being manipulated to get an answer if they don't
understand the detail."

R(XA.%D 2 COXt4ENTS: NONE

2. 'hat effect does the degree to which a computer model represents the
"real world" have on a manager's acceptance of simulation results?

WUND I CNfIENTS: "Depends: many times we can only guess at 'real
world' but the simulation is still valuable in choosing between
alternatives, using the source set of assumptions, or a controlled
set ot' variables."

ROLND 2 CVIHtENFS: "Agree (with Round 1 comment - absolute numbers
may be off with deltas still valid! However, a credible link to
reality must exist."

"I stay as before - when the model can represent the real world
acceptance is strong - but there are cases .,here we simply do not
know the rcal world. In this case, a disciplined approach to
modeling the real world is still valuable to decision makers. Thus,
the no effect answer - useful for testing hypotheses."

:. ',hat effect does the verification of correct software coding in the
model used for simulation have on a manager's acceptance of
simulation results?

RfIU.) I ( U)MLS: "Think the answer is little, but should be
s t rong. "

ROUND) 2 CfNETS: "Incorrect coding would introduce random 'unknown-
unknowns' into results aad further (greatly') weaken credibility in
1r[sul It ."

".\grce with (Round 1) conment"

"Managers hxave little time or even understanding of software
verifiration; thus, I say little effect. Any other answer would be
sp!aking to the ideal rather than real world."
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1. What effect does the simulation results' agreement with the
manager's insights and intuition have on his/her acceptance of
these results?

ROUND I CXMt1ENITS: "Too often the model results are accepted only if
they support intuition."

"Unfortunately, we all suspect the model builder, because
simulations have been used for political purposes; thus, and again
unfortunately, simulations that counter our intuition are often
rejected."

R(XND 2 CWENTS: ".Agree" (with Round I comment).

"Agree with comment in #4. Tough to overcome inherent biases."

"Maiagers are people. People have insights and intuition.
fI'rdless of how rigorous the modeling effort or how convincing the
mode,_(crs might be, the manager is still going to rely to some degree
on his/her experience - i.e. intuition and insights."

"I'll stay with moderate:
a. IWhen I use a model/modeler with whom I have experience and

trust - I accept results that are contrary to intuition.
b. When I use an unknown model/modeler, I question unintuitive

results for the reasons stated in your second comment."

5. What effect does the general acceptance of simulation results by a
manager's superiors have on his/her acceptance of simulation
result s?

ROUND 1 CYC1RNTS: NONE

RUND 2 CI:tNKNTS: "If you have to support your decision up the
chain and the boss does [not] accept simulations, ,hy use them'?"

6. That effect does the acceptance of simulation results by other
program managers have on a manager's acceptance of simulation
result s?

F[ ND I CY) Nt'tTS: NONE

R~i ) 2 (()fv1 4NTS: "I changed because recently I've noticed more
maiagers being swayed to some degree by others' opinions."

"If w e ere all talking about the same model and the same modeler, I
might movw to strong. Otherwise, I don't care what other PMf think
of" simulations. They are valuable to see."
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7. %hat effect does the degree (magnitude) of effort used in developing
the simulation have on a manager's acceptance of the results?

ROUD 1 CCvIME.TS: NONE

ROUND 2 CU4-ffNTS: "Let's be real, as a PM I don't care how hard it
is to do a simulation. If the modeler can do it and the simulation
is valuable to the decision process, we go for it. If it's not
valuable to the decision we don't do it no matter what the effort
is.

8. hat effect does the manager's ability to understand recommendations
resulting from simulations have on his/her acceptance of the
simulation results?

WO-N'D 1 C('Mf'fNTS: NONE

ROIND 2 COfIIENTS: NONE

9. That effect does a manager's confidence in the individual presenting
the results have on his/her acceptance of simulation results?

ROUND 1 Ct t4ENTS: "The simulator better be able to defend every
variable and assumption. Consistency and practicality are what I
look for. Did he change his model for this simulation? If so 'why'?"

ROUND 2 CCMMENTS: "Agree" (with Round 1 comment).

10. What effect does confidence in the individual performing the
simulation have on a manager's acceptance of simulation results?

ROUND 1 MCtWtENTS: "Consistency/Honesty"

ROLN) 2 COXMUVIS: "Quite often, the manager has no idea who is
running a simulation."

11. TNhat effect does the cost of obtaining the simulation have on a
manager's acceptance of simulation results?

fWXJTN'D 1 (X'41fRTS: NONE

W)E;AND 2 CT-1IMENTS: "A credible presentation, well-prepared and
skillfully presented, whether it's simulation results or something
else, can strongly affect a manager's acceptance."

"Cost is a decision I make before I start. Once I have the results
in hand, it is too late to make cost influence acceptance."
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12. What effect does a manager's previous experience with simulation
have on their acceptance of simulation results later?

RO D 1 C114NTS: NONE

DO ND 2 CXt4ENTS: NON

13. What effect does skill used in presenting the simulation results
have on a manager's acceptance of these results?

ROUNI) 1 CCTK : NONE

IOUND 2 (l4ENTS: "The R has got to understand what he is being
told. If the presentation does not contribute to understanding how
can there be acceptance"'

14. What effect does formal education courses in computer simulation
have on a manager's acceptance of simulation results?

ROLND 1 MIVf1FqTS: NONE

ROUND 2 CIWIENTS: "I was strong because I believe the mcre you know
about the capabilities/limitations of simulation as a management
tool the better you can use them; but i've changed because I know
PM4's with no education who use them well."

15. What effect does the acceptance by the user of the simulation's
ability to represent the "real world" have on a manager's acceptance
of simulation results?

*** New Question on Round 2***

ROUND 2 CCMIENTS: NONE

16. What effect does the acceptability of the model by the community
that generally conducts simulations in the specialty area (for
instance-- there are several ED models, but none are widely
accepted) have on a manager's acceptance of simulation results?

* New Question on Round 2***

ROUNAD 2 CM-NTS: "Utility and integrity are important. If the
community has rejected a model they must know something. Remember
models are tools - not the answer. Why use a defective tool?"
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Is there anything else you would like to add or any other factors you
feel should be included?

ROUND 1 CX4FNT: "Acceptance by user of the simulation representing
the real world."

"Acceptability of the model by the cfrnmunity that generally conducts
simulations in the specialty area. For instance-there are several
EfM models, but none are widely accepted."

ROUND 2 CXt44ENTS: "Track record of individual or organization
performing the simulation."

"May already be included but it seems that official sanction by
competent authorities designating the use of a simulation model for
certain purposes enhances its acceptance in the larger community.
For instance, I am thinking of the Logistics Composite Model (L"1A)
which the Air Force Manpower Community has validated as the
.....It mel to conduct manpower analyses. As such it has

maintained its credibility over time despite some obvious short
comings."

"I am big on understanding the assumptions used before the
simulation is run. Playing with assump'ions can cause wide swings
in the results; thus, if I disagree with or don't understand an
assumption, seeing the simulation's sensitivity to that assumption
often increases my acceptance of the results."
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