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ABSTRACT 

This report describes the second experiment in a series devoted to 
estimating the effectiveness of automated hypothesis selection in man- 
machine systems in which threat evaluations or threat diagnoses are being 
performed. In the experiment an eight-man team produced evaluations of 
various threats posed by a hypothetical aggressor. These evaluations were 
made on the basis of intelligence information gathered on simulated recon¬ 
naissance overflights of the homeland area of the aggressor. IBM lliOl and 
7090 computer facilities provided the means for generating the complex 
stimulus environment or data base. The primary output from this threat 
evaluation team was a series of a posteriori probabilities estimations 
produced by the team1s commanding officer (CO). These estimations repre¬ 
sented the CO's judgments as to the most likely of the four response al¬ 
ternatives available to aggressor in deploying his forces along a border 
of contention. In three of the four experimental conditions the CO was 
provided with a hypothesis-selection aid based upon a modification of 
Bayes1 theorem (MBT). In these three conditions the CO was permitted to 
exert an increasing amount of control over the MBT-aid mechanism. He 
exerted control either by adjustment of certain parameters in the MBT model 
or by direct insertion of conditional probabilities into the model. The 
purpose of the experiment was to observe whether increasing control over 
the MBT-aid mechanism would increase the user's acceptance of the aid and 
improve his threat-diagnosis performance. The CO's threat-evaluation per¬ 
formance did improve during the course of the experiment but independently 
of the MBT-aid configuration. Throughout the experiment, solutions of a 
posteriori probabilities based upon the MBT were calculated by theexperi- 
menter for comparison with the human estimates. These two sets of estimates 
were strikingly similar. The CO's estimates, although quite conservative 
in early criais, became noticeably less conservative as the experiment pro¬ 
gressed. The overall difference between the accuracy of the CO and MBT 
estimations was negligible. 
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I. INTRODUCTION 

Inferences about the present or impending posture of hostile military 
forces, predictions of the strategy to be used in the deployment of these 
forces, and discriminations relative to the existence of certain classes 
of weapons or vehicles are examples of the types of judgments required of 
individuals who evaluate intelligence information. Essentially, each of 
these judgments involves selection of one or several hypotheses which best 
account for the occurrence of fragments of intelligence data often contra¬ 
dictory and always fallible to an unknown degree. In an age of ever-increas¬ 
ing weapons system sophistication, when available response times to hostile 
action are measured in minutes and seconds, the consequences of incorrect 
diagnoses of environmental events are frightening to contemplate. In cer¬ 
tain military information-processing systems the diagnostic requirements 
are indeed formidable and seem to have entirely outstripped human capa¬ 
bilities. Specifically, the range of possible hypotheses which account 
for environmental events may be large; the set of input data to be evalu¬ 
ated may be large and of a diverse character; the environmental rules or 
contingencies which relate these data to the alternative hypotheses may be 
exceedingly abstruse or unknown; and relatively instantaneous diagnoses may 
be required. 

The possibility of automating certain aspects of the threat-diagnosis 
function in complex information-processing systems (in which the data to be 
evaluated are probabilistic in nature) has been suggested by Edwards (refs. 
2, 3, Ii) and Dodson (ref. l). Computer-implemented solutions of a posteri¬ 
ori probabilities (estimates of the probability of the various alternative 
hypotheses in the light of new data) based upon Bayes* theorem can readily 
be provided either as aids to a human threat-evaluator who makes the final 
hypothesis selection or as final hypothesis-selection mechanisms themselves. 
The formal justification for these procedures rests upon the notion that 
Bayes1 theorem provides an optimal method for revising opinions (or select¬ 
ing hypotheses) on the basis of experience because it allows maximum cer¬ 
tainty or consistency to be extracted from the probabilistic data at hand. 
The empirical justification rests upon a limited number of studies which 
tend to show that humans are unable to extract all of the certainty exist¬ 
ing in probabilistic data and that, in general, their estimates of posterior 
probabilities are quite conservative (refs. 3, 5)- 

The multiman-machine systems simulation facility at The Ohio State 
University Laboratory of Aviation Psychology has been adapted to provide 
the vehicle necessary to evaluate certain aspects of the Bayesian paradigm 
for information-processing systems-. Computer facilities (IBM 7090 and 
li|01) permit generation of a complex, real-time stimulus environment simu¬ 
lating the movements of the surface and air forces of a hypothetical aggres¬ 
sor in his homeland area. Up to 20 basic strategies or response alternatives 
are available to the aggressor in maneuvering and deploying his forces. 
Twenty-five classes of data (see Appendix l) are used to describe the at¬ 
tributes or characteristics of these deployments which individually are 
called "developmental groupings." There exists a set of contingency rules 
relating the data classes to the response alternative set. These features 
of the stimulus environment are described in detail in the first report in 
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the current series (ref. 6). A team of eight system operators attempts to 
evaluate each developmental grouping as it unfolds in the simulated hostile 
environment. Certain members of this team who are called "intelligence 
staff officers" (ISOs) attempt to extract from the environment, by means 
of simulated reconnaissance overflights, information which will enable them 
to make inferences about the state or condition existing in each of the 25 
data classes with respect to each of the developmental groupings under sur¬ 
veillance. These data classes refer, in general, to such developmental 
grouping features as (a) infantry-armoured constituency, (b) artillery, 
missile, rocket, and air support, (c) logistic support, and (d) spatial 
and temporal arrangement of forces (order of battle). Each of these 25 
data classes has between two and eight possible states or conditions, only 
one of which applies in a particular developmental grouping. The ISOs esti¬ 
mate the probability that a data class (j) is in state or level (k) for each 
developmental grouping. On the basis of these probabilistic judgments re¬ 
garding each of the 25 data classes for every developmental grouping, the 
commanding officer (CO) of the evaluation team estimates the probability 
that each of the aggressor response alternatives (hypotheses) could account 
for the data observed in connection with each of the groupings. The CO, 
therefore, performs the hypothesis-selection tasks of primary concern in 
the present research. His responses are posterior probabilities estimates 
(in this case, estimates of the probability of the several aggressor re¬ 
sponse alternatives in the light of the attribute data). A detailed ex¬ 
planation of the individual tasks performed by each team member is also 
provided in the first research report. 

The experiment described in the present report is the second of a 
series devoted to estimating the effectiveness of a Bayesian paradigm for 
information-processing systems where hypothesis-selection or diagnostic 
functions are performed. In the experiment the user of the Modified Bayes 
Theorem (MBT) hypothesis-selection aid (the CO) was given an increasing 
amount of control over the aid mechanism itself. The purpose of the ex¬ 
periment was to observe the effects of this increased control capability 
upon the CO's a posteriori probability estimates. The particular features 
which allow this control increase are described in the following section 
of the report. The rationale for treating increased MBT-aid control as a 
variable is as follows: Inspite of compelling evidence for the usefulness 
of the MBT as a hypothesis-selection aid, the individual or individuals for 
whom this aid is intended may be quite reluctant to rely upon the probabil¬ 
istic data which the aid provides. Such reluctance is commonly found when 
an attempt is made to introduce new equipment or techniques to operational 
personnel. The experimental issue which was raised in this connection con¬ 
cerns the method by which acceptance and use of a hypothesis-selection aid 
could be increased in a multiman-machine system context. One possibility 
is that acceptance and use of the aid will increase as greater control over 
the aid is given to its user. With little or no control over the hypothesis- 
selection aid, the user is likely to view it merely as a "black box" whose 
sensitivities are not apparent. The likelihood of acceptance of the aid 
under such a condition would perhaps be fairly low. In order to control the 
MBT, the user would certainly be required to understand both the principles 
involved in its use and the effects of the changes which he could introduce 
at several points in the model itself. Given sufficient understanding of 
the MBT so that he might make a rational comparison of the capabilities 
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and limitations of the MBT with his own^ the user may be more likely to ac¬ 
cept it as an aid. 

The concept of the MBT as a hypothesis-selection aid has merit if we 

suppose that human beings will be required to provide the final diagnoses 

or estimates of a posteriori probabilities. Another possibility^ suggested 

by Edwards (refs. 2, 3), is that estimates of a posteriori probabilities be 

provided by a computer-implemented Bayesian solution on the basis of con¬ 

tingent datum-hypothesis relationships [P(d|h)] estimated by humans. If 

these P(d|h) values can be judged with reasonable accuracy by humans, the 

diagnoses or a posteriori estimates follow by simple algebra on the basis 

of Bayes1 theorem and can be provided more rapidly and accurately by com¬ 

puter facilities. The experiment being reported is actually related to both 

of these suggested paradigms for Bayesian systems. First, the effects of 

the MBT aid upon the user’s a posteriori estimates can be observed. In ad¬ 

dition, at least a preliminary judgment can be made regarding the automated 

paradigm suggested by Edwards because several parallel calculations of the 

a posteriori probabilities based upon the MBT will be available for compari¬ 

son with the CO’s estimates. These MBT solutions will incorporate the same 

data available to the human. One of these MBT solutions will be based upon 

P(D|h) values estimated by the ISO team. 

II. CONTROL OVER THE MODIFIED BAYES THEOREM AS A VARIABLE 

Dodson's modification of Bayes1 theorem allows for multiple event or 

data categories and multiple states or conditions within each of the data 

categories (ref. 1). The latter modification is particularly important be¬ 

cause it permits expression of uncertainty with respect to the state or 

condition observed in a data category. The characteristics of the stimulus 

environment structured for the current series of experiments match the 

Bayesian paradigm as modified by Dodson. In the experiment being reported, 

aggressor was allowed four response alternatives (or hypotheses from the 

point of view of the threat-evaluation team). Appendix I lists the 25 data 

classes used to describe the attributes or characteristics of the aggressor 

developmental groupings. Also, as Appendix I shows, each data class had 

several possible states or conditions. The task for the ISO team was to 

estimate which level or state existed in each of the 25 data classes for 

each developmental grouping. Observational uncertainty about the true 

state of each data class for each developmental grouping could be indi¬ 

cated by the ISOs because their responses in each data class were estimates 

of the probability that any (k^) state of that data class was, in fact, 

being observed. 

Equation 1 below describes Dodson's MBT with some notational modifi¬ 

cations: 

p(hi|d) 2 
k=l 

P(Dk) 
P(Hj; P(DklHj) 

^ P(Hi) P(Dk|Hi) 

(1) 
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This equation applies to the evaluation of the probabilistic responses given 

to the \x states of one event or data set. P(Hí|d) is the a posteriori proba¬ 

bility that hypothesis i is true given the probabilistic estimates that the 

various \x states in the data class have been observed. In the bracketed ex¬ 

pression P(Hi) is the a priori probability of hypothesis i and P(D^¡Hi) is 

the conditional probability that the data class in question will be observed 

in state k if hypothesis i is true. The denominator is a normalizing con¬ 

stant which assures that the a posteriori probabilities sum to 1.00 across 

the n hypotheses. P(Dk) is the probability that the k^ state of the data 

class is the state being observed. Note that Z P(Du) = 1.00 
k=l K 

For each 

data class there are p, states or conditions where p varies according to the 

data class being considered. There may be observations in many different 

data classes to be evaluated by means of the MBT (in the present experiment 

there are 25 such classes). Therefore, the P(Hj|d) calculated by means of 

the observations and conditional probabilities for one data class become the 

a priori probabilities [P(Hi)J used in the calculation of P(Hí|d) for the 

next data class, and so on until all data observations have been evaluated. 

Equation 1 is thus the basis both for the hypothesis-selection aid given to 

the CO and for the various Bayesian solutions (described in Section III of 

this report) calculated by the experimenter for comparison with the human 

estimates of P(Hí|d). 

Dodson has also suggested how the MBT can be made to adapt to changing 

environmental dynamics. This adaptation feature has as its basis parameters 

which regulate the rate at which information obsolesces and an expression 

describing feedback about the true state of affairs existing in the environ¬ 

ment at the time each observation was made. These parameters and the expres¬ 

sion describing feedback are applied by Dodson to the P(Hi) and P(D|Hi) terms 

in equation 1 (ref. 1, p. ii3). The parameters describe how these terms are 

to be updated on every trial or observation cycle in a sequence. In the ex¬ 

periment being reported the a priori probability terra was fixed at .25 since 

each of the four response alternatives occurred an equal number of times. 

Since this was so, the experimenter manipulated the parameters only with re¬ 

spect to the P(D|Hi) term. It is true, of cou-se, that human performance 

under differing a priori probabilities is an extremely important issue. At 

this juncture in the experimental series, however, the concern was limited 

to the possibility of control over the adaptation process strictly with re¬ 

spect to the contingency relationships between each level of every data 

class and each hypothesis. Equation 2, with notational modification, is 

Dodson’s expression for P(D¡H[) illustrating the adaptive or "learning" 

features allowed by the parameters. 

P(Djk|Hi)v 
KDjkJHjJy-i + Ky [P(Djk)v P(Fl)v wivJ 

1 + Kv [P(Fi)v wiv] ” 
(2) 

where: 

P(DjjjHi) = the conditional probability of the k^ state or condition 

of data class j given the occurrence of hypothesis Hi. 
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P(Djk) 

P(Fi) 

Kv 

* Let P(Djk|Hi 

in any cycle 

C1 + 
lim - 

Kv oo 1 + 

= a specific input-output feedback sequence number, or 

simply, an observational trial or cycle number, v-1 re¬ 
fers to the preceding observational trial or cycle. 

= the probability that the level of data class J has 

been observed in cycle v. (These values are provided by 

the ISOs upon observations made of the stimulus environ¬ 
ment. ) 

= the probability that Hi is to be associated with the input 

pattern of P(Djk) in cycle v. This term is essentially 

the feedback from the environment ns to what actually hap¬ 

pened in association with the inpuc pattern. In the 

present experiment the term applies tc the strategy (Hi) 

aggressor actually used in cycle v. P(Fi)v assumed only 

two Values, 0.0 or 1.0. If P(Fi)v = 0.0, then Hi was not 

aggressor's strategy in cycle v; if P(Fi)v = 1.0, then Hi 

was aggressor's strategy in cycle v. 

= the parameter which regulates the extent to which P(Dj^)v 

and P(Fi)v are allowed to modify all conditional proba¬ 

bilities. Kv can assume any value in the range 0 < K < oo . 

When K = 0, no adjustment of the preceding conditional 

probability (on the v-1cycle) is made, i.e., equation 2 
reduces to: 

P(Djk|Hl)v = P(Djk|Hi)v_1 

As Kv approaches Infinity, P(DikjHt)v approaches P(Djk)v.* 
This means that P(Djk|Hi) on the yth cycle is entirely 

determined by the most recent observation of P(Pjk). 

Large changes of PÍDjklHOv in the direction of the most 

recent observation PiOjk^v, however, can be made in the 

range 0 < Kv ^ 9.99. (In the present experiment Kv was 

limited to values in the range 0 < K < 9.99.) 

)v-l> Cp(Djk)v P(pi)v wivJ> 311(1 [P(Fi)v WIV] be constants 

vj call them Ci, C2, and C3, respectively. Then: 

_Kv£2 

KvC: 

P(Djk)y P(Pi)y Wlv 

P(Pi)y WiV 

1 im 
Kv 00 

(Cl + KyCg) 

Kv_ 

(1 + KyC¿) 

Kv 

lim 
K, 00 

Cl . 
ÎÇ + °2 

ÏÇ + C3 

Ç2 

c3 

5 

= P(Djk)y 



wjv = a parameter which regulates the extent to which the input 

sets of P(Djk)v will be associated with a specific Hi. 

In terms of the present experiment wfv represents the ex¬ 

tent to which the conditional probabilities associated 

with any aggressor response alternative (or strategy) 

determined by previous data are modified by current data. 

In effect, wiv is a vernier weight which allows one to 

control differentially the adjustments of conditional 

probabilities for each of the hypotheses. KVi on the 

other hand, can be considered a more gross weight affect¬ 

ing all conditional probabilities across all of the hy¬ 

potheses. Values of wiv are limited to the range 

0 < U[v < 1.00. The reason for this particular range 

will become apparent in the discussion below when we 
define wjv more precisely. 

Let us now specify the manner in which MBT-aid control was made an 

experimental variable. From equations 1 and 2 above, and noting the fact 

that the a priori term was constant at .25 throughout the experiment, there 

appear to be two ways in which the user of the MBT aid could control the 

process of computer-implemented solutions of P(Hí|d). First, one might 

allow the user to manipulate, by means of the parameters Kv and wiv, the 

rate at which the probabilistic information used in the MBT solutions be¬ 

comes obsolescent or the degree to which new data are allowed to influence 

current MBT solutions. Such manipulation would be justifiable, for example, 

whenever the MBT-aid user had any knowledge of the reliability or accuracy 

of the data presented to him or had knowledge of the discrepancy between a 

previous MBT-predicted hypothesis and the true one. By raising Kv or wiv, 

the user is merely indicating "let us place greater faith in this more cur¬ 

rent information." The second method of MBT-aid control is to have the user 

change the P(Djk|Hi) values himself on a cell-by-cell basis. These P(Djk|Hí) 

values could be judged either by the CO or by members of his staff. Indeed, 

this is analogous to Edwards1 paradigm for a PIP (Probabilistic Information 

Processing) system (refs. 2, 3). Direct insertion of the P(Djk¡Hi) values 

in this manner represents, ignoring the a priori values as we have done, the 
highest level of control over the MBT aid. 

We are now in a position to specify the four experimental conditions 
maintained in the present experiment. 

Condition I (no-aid condition): In this condition probabilistic esti- 

mates of the likelihood of the various aggressor strategies given a sample 

of probabilistic attribute data [P(Hi|D)] were made by the CO without 

benefit of any MBT aid. The purpose of this condition was to provide base 

line data in an unaided condition for later comparison with the data col¬ 

lected in the other three conditions of the experiment when the MBT aid was 
available. 

Condition II (self-adapting MBT-aid condition); Bayesian solutions 

were available to the CO to aid him in his judgments, but he had no control 

over the process The constants Kv and wiv were set by the experimenter. 

On the first day of this condition the P(DjjjHi) values for every state of 

the 25 data classes across all four hypotheses were set at chance. Chance 
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probability was deternined by the number of states (^) within any of the 

data classes tj, PiOjklHl) 1.00 for every data class given any of the 

hypotheses]. Kv was set at Ky = *5 by the experimenter and remained so 

throughout the experiment. Ky = .5 introduced a reasonable but not drastic 

automatic gross update of the P(Djk|Hí) values on the basis of incoming 

P(Djk) information. The vernier adjustment parameter wiv was changed auto¬ 

matically throughout the experiment according to the following equation 

which defines the w[v parameter in condition II. 

vlv = [P(H1|D)V - P(Fi)v]2 (3) 

where: 

P(Hi|D)v= the MBT-calculated a posteriori probability that hypothe¬ 

sis i occurred g i ven the probabilistic estimates that each 

of the states of all 25 data classes was observed in cycle 

V. 

P(Fi)v = environmental feedback as to the correct hypothesis in 

cycle V. P(Fi)v = 1.0 means that Hi was the true hypothe¬ 

sis. P(Fi)v = 0.0 means Hi was not the true hypothesis. 

Recall that P(Fi)v assumed only these two values. 

This equation says, in effect, that the closer the calculated P(Hi|D) was 

to being correct the smaller was the change induced in the values of 

P(Djk|Hi) on the following cycle. Thus, large changes would not be in¬ 

duced in P(Djk|Hi) values which were shown to be relatively accurate. 

Equation 3 also shows why wiv was limited to the range 0 < wiv < 1.0. 

Note, by observing equation 2, that a change in P(Djk|Hi) values could 

occurr only in the hypothesis category correct on that cycle, i.e., where 

P(Fi)v = 1.0. When P(Fi)v = 0.0 the right-hand side of equation 2 reduces 

to P(Djk|Hi)v_r 

Condition III (MBT aid with CO adjustment of MBT parameters Ky and 

wiv: In this condition the CO received MBT aid arid exerted rudimentary 

control over it by adjusting the parameters Kv and wiv- On the first day 

of this condition the P(Djk|Hi) values were set at a chance level as in 

condition II. The CO was allowed to change Kv and \j[v on every other ex¬ 

perimental session within the ranges 0 < Kv ^ 9.99 and 0 < wiv ^ 1.00. 

The data-processing load on the computer facilities precluded a more fre¬ 

quent alteration of these parameters. The CO was instructed to manipulate 

these parameters when he wished to affect the rate of data obsolescence. 

Since he monitored the information-processing activities of his ISOs and 

was given information about the relative accuracy of the P(Djk) estimates 

they produced, he had some notion of the reliability of the data being 

introduced into the MBT. He was instructed to apply Kv as a gross weight¬ 

ing factor which might vary according to his perception of the reliability 

of information produced by the system that experimental day. In addition, 

he was told to adjust wiv in accordance with the discrepancy between the 

MBT-calculated P(Hi|D) values and the true hypotheses which were given to 

him at the end of each experimental cycle. 
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Condition IV [MBT aid with CO Insertion of human-estimated P(Djk1Hj) 

values]: Estimated values of P(D]k|Hí) were relayed to the CO by his ISOs 
and were revised by the CO (if necessary) before being entered into the MBT. 
By entering these values cell by cell into the MBT, the CO directly deter¬ 
mined the conditional values used in the solutions of the a posteriori 
probabilities. This direct insertion represented the greatest degree of 
control given to the CO over his MBT-aid solutions. 

III. EXPERIMENTAL DESIGN AND MEASURES 

This experiment consisted of 60 trials or sessions each of ii-hour 
duration. Since the experimental problems were presented in double time, 
the threat-evaluation team observed 8 hours of events in the aggressor 
"world" during each Li-hour session. System load, defined as the number of 
aggressor developmental groupings terminating in a given session, was con¬ 
stant throughout the experiment. In each session four developmental group¬ 
ings terminated. This load level was chosen on the basis of results ob¬ 
tained in the first experiment in the series. The assignment of the four 
experimental conditions (described in the preceding section) across the 60 
sessions of the experiment presented several problems. A complete counter¬ 
balancing of conditions in order to take into account possible learning and 
perseveration effects was not possible. A compromise experimental plan 
involving a partially counterbalanced arrangement of conditions was chosen. 
In the plan (see table l) the experimental conditions are numbered in the 
same manner as in the preceding section of the report. 

TABLE 1 

EXPERIMENTAL PLAN 

Experimental 
Block Sessions 

Experimental 
Condition 

1 

2 

3 
k 
5 
6 

1-12 

13-21 
25-36 
37-1*8 

1*9-51* 
55-60 

i 
il 
in 
IV 
III 
II 

There were 10 different measures taken with respect to the performance 
of members of the threat-evaluation team and various MBT P(Hi|D) solutions. 
The point at which these measures could be taken depended upon the particu¬ 
lar experimental condition. Table 2 lists the various measures and the 
experimental conditions in which they were taken. 
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TABLE 2 

PERFORMANCE MEASURES 

Experimental Condition 

Measure 
I II III IV 

1. Unaided CO P(Hí|d) estimation 
accuracy X 

2. Aided CO P(Hí|d) estimation 
accuracy X X X 

3. Self-adjusting MBT P(Hí|d) 
accuracy using same P(Djk) 
values as CO 

X X X X 

it• Self-adjusting MBT P(Hi|d) 
accuracy using correct values 
Of P(Djk) 

X X X X 

5. Self-adjusting MBT P(HiId) 
accuracy using CO-adjusted 
parameters Kv and wiV 

X 

6. Self-adjusting MBT P(Hi|d) 
accuracy using ISO-CO 
estimates of P(Djk¡Hi) 

X 

7. Accuracy of final MBT aid used 
by CO 

X X X 

8. Accuracy of final estimates by 

ISOs of P(Djk) 
X X X X 

9. Accuracy of P(Djk) used by CO 
in the final MBi-aid solutions X X X 

10. Accuracy of ISO-CO estimates 
of P(Djk|Hi) X 

Some of the measures listed in table 2 should be apparent from the pre¬ 
ceding discussion while others require further explanation. Figure 1, il¬ 
lustrating the location in time of various human and MBT solutions for a 
particular developmental grouping, should aid the reader in seeing the 
points at which certain of the measures were taken. Figure 1 shows that 
as time elapsed during the buildup of a certain developmental grouping the 
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PIHID) Estimation 
And MBT Estimation 
Using Complete And 

Identical Data Set 

Figure 1. Location in Time of Various Human and MBT P(Hí|d) 

Estimations for a Certain Developmental Grouping, 

completeness of the attribute data set increased roughly according to the 

function as shown. Since MBT aid could be requested at any stage of this 

buildup process, MBT aid requested at times prior to termination (T^) would 

be based upon incomplete and often less accurate data sets. This was an 

unavoidable situation due to the time-dependent character of the stimulus 

environment. Measures 1, 2, and 3 were all taken at on the basis of 

complete data sets (i.e., ISO responses in all 25 of the data classes). 

The same data were used in measure 3 as the CO used in his aided and un¬ 

aided P(Hi|D) estimates. (In the present experiment the CO made no interim 

P(Hi|D) estimates as he did in the first experiment.) Measures 5 and 6 
were taken of MBT P(Hí|d) estimations also on the basis of the same final 

complete data sets available to the CO in the conditions in which these 

measures could be taken. Measure 7 was taken with respect to the last 

MBT aid (T3 in figure 1) requested by the CO before he made his final 
aided P(HijD) estimates. Thus, measure 7 reflects the accuracy of the 

MBT aid requested on the basis of the most complete set of PÍDj^) values 

prior to T¡j. Measure 8, taken at T|¿, reflects the accuracy of the data 

used in the various human and MBT estimates of P(Hí|d) and indicated by 

measures 1, 2, 3, 5, and 6. Measure 9 reflects the accuracy of P(Djk) 

values which the CO entered for his final MBT-aid solutions (at T3 in 
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figure l). An MBT solution of P(Hí|d) using only the correct or true 
states or conditions of each of the 25 data classes was provided (seasure 
I4). These P(Hi|D) values, calculated on the basis of the true data states, 
furnished some notion of an accuracy upper limit for the MBT solutions. 
Measure 10 reflects the accuracy of the P(Djk|Hi) values estimated by the 
ISOs and revised by the CO. 

There was a methodological peculiarity in the experiment which will 
bear some explanation. The original design of the stimulus environment 
specified 20 different aggressor response alternatives or strategies. These 
strategies were defined on the basis of three dimensions; (a) whether a de¬ 
velopmental grouping of aggressor forces was to represent a forthcoming 
hostile action (a real attack) or whether the grouping represented rehear¬ 
sals or maneuvers being conducted by aggressor for training purposes, (b) 
the probable endurance of the threatened action in terms of the depth to 
which the forces in the grouping could penetrate into friendly territory 
given the available logistics support, and (c) specification of the par¬ 
ticular infan.try-armoured tactic to be initiated by the ground forces in 
the grouping, e.g., double pincer, multiple penetration, etc. The original 
20 possible response alternatives are shown in Appendix II of this report. 
A table of contingency rules relating every state of each of the 25 data 
classes to each of these 20 response alternative classes was prepared. 
This table was in fact the data-generation model by means of which indi¬ 
vidual samples of the 20 possible types of developmental groupings were 
drawn and prepared according to a procedure specified in detail in the 
report of the first experiment (ref. 6, Section IV). Preparation of these 
individual samples of aggressor developmental groupings (which were called 
developmental grouping scripts) was an exceedingly laborious and time-con¬ 
suming task. For example, the preparation of scripts which specified large 
aggressor groupings required up to 30 man-hours. For this reason a limited 
number of samples of each aggressor response alternative was available. On 
the average there were four samples of each strategy type. Methodological 
problems were posed by this response-alternative, sample-size restriction 
as well as by the limited amount of time available for operation in each 
of the four experimental conditions. First, because the time available for 
each experimental condition was limited, the size of the set of response 
alternatives had to be reduced. If we had used the complete set of 20 re¬ 
sponse alternatives and had presented the threat-evaluation team with 
examples of each alternative, we could have provided the team with at most 
three examples of each aggressor response alternative and maintained a 
balanced situation across all 20 alternatives in any of the experimental 
conditions. (Such balancing would not have been necessary, of course, if 
we had not desired the frequency of occurrence of the alternatives to be 
equal across the alternative set.) Moreover, stable or meaningful perform¬ 
ance measures could not have been taken in any experimental condition where 
there were only three examples of each of the possible alternatives. The 
task of estimating P(Djk|Hi) for the 20-alternative case would have been 
difficult for the ISOs to complete in the li-hour experimental sessions. 
Mere reduction of the existing alternative set (say from 20 alternative 
to I4 or 8) was also judged to be undesirable. Although this procedure 
would have allowed more possible observations of each aggressor response 
alternative, the limited number of samples would have permitted the team 

11 



to observe the same developmental groupings on frequent occasions through¬ 

out the experiment. 

A procedure was developed which, although not perfect, allowed at 
least a partial solution to the various problems discussed above. First, 
four aggressor response alternatives were defined and labeled simply A, B, 
C, and D. Then, for each of these four alternatives, selections were made 
from the 20 original response alternatives (listed in Appendix n) which de¬ 
fined the characteristics of the four arbitrary alternatives for varying 
lengths of time. Table 3 should help to clarify this procedure. 

TABLE 3 

AGGRESSOR RESPONSE ALTERNATIVES AND THEIR CHANGING CHARACTERISTICS 

Aggressor Response Alternative 

A B C D 

Original 
Alter¬ 
native 
Type* 

Days 

Original 
Alter¬ 
native 
Type 

Days 

Original 
Alter¬ 
native 
Type 

Days 

Original 
Alter¬ 
native 
Type 

Days 

12 

13 

17 

5 

1 

11 

1-9 

10-21 

22-3U 

35-Ü7 

bô-SS 

56-60 

16 

10 

6 

15 

8 

1-13 

lb-29 
30-37 

38-1^2 

U3-60 

3 

2 

lb 
18 

19 

1-15 

16-25 

26-1^2 

143-50 

51-60 

9 

20 

7 

ii 

1-18 

19-28 

29-I4I4 
15-60 

# The original alternative type numbers in the first columns of the 
A, B, C, and D categories refer to the original response alterna¬ 
tive numbers listed in Appendix II. 

Table 3 shows, for example, that response alternative A was defined by 
original response alternative 12 for the first 9 days, by original response 
alternative 13 for the next 12 days, and so on. In summary, the procedure 
allowed four arbitrary classes of aggressor response alternatives whose 
characteristics or defining dimensions changed at specified times during 
the experiment. The decision to use four alternatives was made essentially 
because of the magnitude of the P(Djk|Hi) estimation task. With a larger 
number of alternatives it was felt that the ISOs could not make these 
estimations and perform their various other tasks. The procedure allowed 
the use of all samples from each of the 20 original alternative classes 
for a reasonable number of times each during the experiment. In addition, 
it permitted the experimenters to specify an equal a priori probability of 
occurrence of the response alternatives. Finally, each definition or rule 
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change shown in figure 2 was called a "category change." It was not 

possible to have an equal number of category changes in each of the four 

alternative categories. This was due primarily to the fact that the indi¬ 

vidual developmental groupings had differing buildup cycle lengths (i.e., 

they took either 2, 3, h, or 5 days to develop). Fitting these groupings 

into a real-time environment with the constraint that four terminate each 

day prevented perfect counterbalance. 

IV. SYSTEM TASKS AND PROCEDURES 

In Section V of the report describing the first experiment a detailed 

description was presented of the various tasks performed by each member of 

the threat-evaluation team. Since there were only a few methodological 

changes introduced for the present experiment, the reader can refer to the 

earlier report for as much additional detail as he wishes. In general, the 

mission of the threat-evaluation team was to produce probabilistic evalua¬ 

tions of the threat posed by certain developments of aggressor forces in a 

simulated hostile environment. These evaluations, in the form of P(Hi|D) 

estimates, were produced by the CO of the team on the basis of data which 

he received from various members of his intelligence staff. These data, 

describing the attributes or features of the developmental groupings of 

aggressor's forces, were themselves probabilistic estimates of the state 

or condition existing in each of 25 different attribute data classes 

[P(Djk)]. Four aggressor developmental groupings terminated in each of 

the 60 experimental sessions. One-half hour before the termination time 

for each grouping the CO produced his estimate of P(Hí|d) on the basis of 

a complete set of attribute data P(Djk). This is precisely the time indi¬ 

cated as Ti| in figure 1. During the buildup of each developmental grouping 

the CO used interim estimates of P(Djk) provided by the ISOs. In the ex¬ 

perimental conditions in which he had access to the MBT aid, he entered 

these interim P(Djk) estimates into a II4OI computer which was programed to 
provide the MBT solutions. In the present experiment, the CO produced no 

overt interim P(Hí¡D) estimates which were scored by the experimenter. 

Figure 2 illustrates the flow of information throughout the experi¬ 

mental threat-evaluation system. IBM lUOl and 7090 computer facilities 

simulated the activities of individuals who gather and process photographic, 

radar, and infra-red sensor data obtained on hypothetical overflights of 

aggressor territory. In figure 2 these activities are represented by the 

primary input data-processing level. The operations liaison officer (OPNS 

in figure 2) planned these hypothetical overflights in cooperation with the 
other four intelligence staff officers (labeled A through D in figure 2). 

A request specifying an overflight was entered by the operations officer 

into the liiOl. This entry was called an "acquisition request" (AR in fig¬ 

ure 2). When an AR had been processed by the computer and notification 

regarding this completed request had been given to the operations officer, 

the other four ISOs made specific interrogations of computer storage re¬ 

garding information collected on the simulated overflights. These requests 

were called "reconnaissance analys's requests" (RAR in figure 2). Since 

all events in aggressor territory were time-dependent, the ISO team was 

required to update its information continually by successive AR-RAR 

* reference 6 
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sequences. On demand from any of the ISOs (by means of the RAK) the com¬ 

puter facilities produced verbal descriptions of aggressor elements (mobile 

weapons, vehicles, and aircraft), element activity, and locus of element 

activity. On the basis of this input information, and making use of tabled 

contingency data, the ISOs identified and tracked concentrations of weapons 

and vehicles and produced probabilistic estimates [P(Djk)] of the state or 

level of each of the attributes of the specific aggressor developmental 

groupings. As noted earlier, each developmental grouping could be described 

in terms of 25 data classes (listed in Appendix l). Each of the four ISOs 

was responsible for a subset of these 25 data classes. In a sense, each 

served as a '’content expert." One ISO was a logistics expert, one was an 

order of battle expert, and so on. The ISOs produced both interim and final 

estimates of P(Djk) for each developmental grouping and passed these on to 
the CO. The CO used the interim estimates for the MBT aid and for his own 

interim P(Hí|d) estimates which he recorded but did not forward to the ex¬ 

perimenter. The final P(Djk) estimates were given to the CO enough ahead 

of time so that he could produce his final P(Hi|D) estimates and forward 

them to the experimenter before the developmental grouping terminated. In 

conditions II, III, and IV of the experiment, the ISOs produced daily 

P(Djk|Hi) estimates in addition to the P(Djk) estimates. Although esti¬ 

mated by the ISOs in conditions II, III, and IV, the P(Djk|Hi) values were 

only utilized for MBT-aid solution in condition IV. The estimates made in 

conditions II and III were reouired in order to give the ISOs experience 

in producing them. The P(Djk|Hi) estimates could be revised by the CO be¬ 

fore entry into the lUOl for the MBT aid in condition IV. 

At the beginning of each experimental session the CO was informed about 

the accuracy of the P(HíJd) estimates he produced in che preceding session. 

The ISOs were given similar knowledge of results about their P(Djk) esti¬ 

mation performance of the previous day. They were not informed, however, 

about the accuracy of their P(Djk|Hi) estimates. All eight subjects in the 

present experiment served in the first experiment. All had completed the 

training program described in the report of the first experiment. Addi¬ 

tional training was necessary for the four ISOs and the CO who assumed the 

additional task of estimating P(Djk|Hi). During the week before the ex¬ 

periment began, these individuals were given practice in providing these 

estimates. Each ISO, as noted previously, was responsible for a subset of 

the data classes shown in Appendix I of this report. Based upon knowledge 

of the correct hypotheses describing the developmental groupings which in 

fact occurred on the previous day in combination with the data estimates 

for these developmental groupings, each ISO estimated P(Djk|Hi) for each 

of the data classes in his area of responsibility. 

V. RESULTS 

Three different types of scoring procedures were used with respect to 

the various performance measures indicated in table 1. For the P(Hi|D) 

estimates produced by the CO and the MBT, and for the P(Djk) estimates 

produced by the ISOs, a score called "verified certainty" was used. For 

the P(Hi|d) estimates, verified certainty was simply the value of the 

probabilistic estimate placed in the correct hypothesis category for each 



developmental grouping. For the P(Djj^) estimates, verified certainty was 
the value of the probabilistic estimate placed in the correct state or con¬ 
dition of each data class for each developmental grouping. The CO's proba¬ 
bilistic estimates in a hypothesis category and the ISOs' probabilistic 
estimates in the various states of a data class were assumed to represent 
their degree of certainty that the hypothesis would explain the occurrence 
of the observed data or that the state or condition of the data class was 
being observed. These certainty estimates were verified by comparing them 
with the true hypotheses [for the P(Hi D) estimates] or wit.* true level 
or condition [for the P(Djk) estimates. . The verified certainty scores for 
the P(Hi|d)estimates do not, however, show the precise number of occasions 
on which the highest CO or MBT estimates (for each developmental grouping) 
were correct or incorrect. For this reason another score, called a "dichoto¬ 
mous score,” was used for the P(Hi|d) estimates. Using this procedure, the 
highest P(Hí|d) estimate or "first choice" among the four hypotheses was 
scored as being correct or incorrect. For the P(Djk|Hí) estimates produced 
by the ISOs and revised by the CO a score termed an "agreement score" (aj) 
was used. The score aj was defined as follows: 

kl,dki 
aj = 1-0 ^ aj ^ U) 

where: 

H = the number of states or conditions in a data class 
k = the kth state or condition in a data class 

d - [P(Djk|Hi)egtjmated - P(Djkl^i)true^ 

i = the ith hypothesis category 

j = the jth data class 

Perfect agreement between the estimated conditional probabilities and the 
true conditional probabilities within a certain data class given a certain 
hypothesis yielded a score of a) = 1.00. Complete lack of agreement yielded 

aj = 0.0. There was an aj score for each data class under each of the four 

hypotheses. Since F(Dj^|Hi) was estimated once each day by the ISOs, there 

were 25 (data classes) * 1* (hypotheses classes) or 100 aj scores on each 
day in experimental blocks 2 through 6. 

There are four general classes of results to be presented with respect 
to the present experiment: the effects of increased control over the MBT 
aid upon the CO's performance, comparison of MBT and CO performance using 
identical data, accuracy of the P(Djk|Hj) estimations produced by the ISOs, 
and the effects of the category change procedure upon CO and MBT perform¬ 
ance. Unfortunately, the fact that the primary data were collected from 
only one subject precluded an elegant statistical analysis. The reasons 
for failure to use more than one subject in key roles (CO for example) were 
discussed in the report of the first experiment. 
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A. The Effects of Increased MBT-Aid Control upon the P(Hi|d) Estimations 

Produced by the"TO 

In figure 3 the solid line connecting the filled circles represents the 
CO's P(Hi|D) estimation performance under the one unaided and three aided 
conditions of the experiment. First, as the graph indicates, a regular and 
systematic increase in CO's P(Hí|d) performance with increased MBT-aid con¬ 
trol (as we defined "control,,) was not obtained. Performance in condition 
II (self-adapting aid with no CO control) and condition III (aid with CO ad¬ 
justing Kv and wjv) were both significantly superior to performance in the 

* —* CO P(H||D) estimóte* 
o———o MBT PlHj|D) using some doto os CO 

A MBT P(Hj|D) using CO porometers ond doto 

Figure 3. Various P(H||d) Verified Certainty 
Scores by Experimental Condition. 
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unaided condition (I): II > I with Z = -1.62, £ < .0f>; III > I with Z = 
-2.27, £< .01 (using the Sum of Ranks Test described by Walker and Lev, 
ref. 7). There were no other significant differences among the four condi¬ 
tions. In particular, the condition representing highest MBT-aid control 
(IV) was not significantly superior either to the unaided condition or to 
other aided conditions. The apparent superiority of conditions II and III 
over conditions I and IV can be accounted for in terras of learning and ex¬ 
perience on the part of the CO rather than in terms of MBT-aid configuration. 
Consider figure h and recall that there was a partially counterbalanced ex¬ 
perimental design consisting of six blocks; blocks 2 and 6 were performed under 

100 

90 

80 

70 

60 

50 

40 

30 

• # 

o-—o 

CO P(H||D) estimates 

MBT P(Hj|D)using same data os CO 
MBT P(Hi|D) using CO parameters and data 
MBT PlHilD) using CO P(Dj|jH¡) and data 
MBT P(H¡|D)using correct data inputs 
MBT-aid P(H;|D) used by CO 

20 

10 

0 1 
I 

X 
2 

i n 

_ Experimental 
Block 

■ BT m 
_ Experimental 

Condition 

Figure I4. Various P(Ki|D) Verified Certainty 
Scores by Experimenta] Block. 
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condition II and blocks 3 and 5 were performed under condition III. Com¬ 

bining the data in blocks 5 and 3 and combining those in blocks 6 and 2 
resulted in the apparent superiority of conditions II and III in figure 3. 

Notice that blocks 5 and 6 were completed at the very end of the experiment 
(sessions Ù9 through 60). Throughout blocks 1 through 6 the CO's perform¬ 
ance shows an increase even though the performance of his MBT aid dips 

sharply in the conditions under which he exerted control over the aid. 

Thereforej a learning or experience phenomenon independent of MBT aid 

seems to be indicated since there was no concomitant increase in MBT-aid 

accuracy (dashed line) throughout these blocks. 

The fact that MBT-aid accuracy was inferior to CO accuracy in P(Hí|d) 

estimation (except in block 2) can be accounted for in two ways. First, the 

CO made his final estimates on the basis of a more complete and a more ac¬ 

curate set of data than the set he entered into the lliOl for his final MBT 

aid. The reason for this was discussed in Section III of the report and 

illustrated in figure 1. The difference in accuracy of the data used by 

the CO in his final estimates and those he entered into the ll|01 for his 

final MBT aid is shown in figure Second, as figures 3 and h indicate, 
any manipulation of the MBT aid on the part of the CO, either by adjustments 

of Kv and wiv or by direct insertion of P(Djk|Hi), decreased the controlled 

MBT-aid accuracy over the self-adapting (uncontrolled) version. 

B. Comparison of CO and Various MBT P(Hí|d) Estimations on the Basis of 

Identical Data 

Any comparison between the CO's performance and that of the MBT aid he 

used would not be a particularly fair one because, as shown in figures 1 and 
5, more and better information was usually available to the CO when he made 

his final estimates than when he requested MBT aid. In order to see how 

the MBT would perform using the latest data to which the CO was given ac¬ 

cess, calculations of P(Hi|D) on the basis of these latest data using the 

self-adapting version of the MBT (see Section II, p. 7) were provided for 

the experimenter. The accuracy of these calculations is shown in figures 

3, and 5 by the open circles. Figure h shows that, with respect to the 
verified certainty scores, this self-adapting MBT was slightly superior 

early in the experiment, but became inferior to the CO beginning in block 

h. The sudden decrease in MBT performance for the developmental groupings 

in block I4 cannot easily be accounted for. Several recalculât ions were 

made of the P(Hí|d) values in this block but the same results were always 

obtained. One possibility is that the MBT was more sensitive than the CO 

to disparate situations between observed data and established contingency 

rules. Note also that the upper limit in accuracy for the MBT (the filled 

triangles in figure U) was lowest in block 4. This means that, in a broad 

sense, the sample of developmental groupings seen in this block was slightly 

less discriminable. This may indicate that the human tended to assign some¬ 

what higher certainty estimates than his data justified. The CO was, never¬ 

theless, below the theoretical upper limit for the MBT. 

Two other versions of MBT solutions were provided on the basis of the 

same final data used by the CO. One solution, the MBT using the CO's ad¬ 

justments of Kv and wiV and the same final data as the CO, is shown by the 
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open triangles in figures 3 and I4. This solution could only be provided 

in the experimental blocks when the CO adjusted these parameters. As the 

graphs indicate, these solutions were inferior both to the CO and to the 

self-adjusting MBT. The same can be said for the MBT solutions provided 

by the ISO-CO estimates of P(Djk|Hi) and the CO1s final data. These solu¬ 

tions, shown as the open square in figures 3 and h, were also inferior to 
the human and self-adapting MBT solutions. 

The verified certainty score distributions for the CO and the self- 

adapting MBT using identical data are quite interesting. These are shown 

* CO P(Hj|D) estimates 

Figure 5. P(Hj|D) and P(Djk) Verified Certainty. 
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in figures 6 and 7. The distributions shown in these figures are verified 

certainty (probabilistic estimate in the correct hypothesis category) score 

distributions which were accumulated over the íTrst, middle, and last 12- 

session periods of the experiment. Notice in figure 6 that in the first 

12-session period the CO's scores tend to pile up in the center of the range 

of possible values. This indicates an apparent conservatism on his part in 

these early trials. By session 36, however, the distributions begin to show 

accumulât ions of very high and very low P(Hi|D) verified certainty scores 

indicating a shift from conservative to definite corarnitraent-type responses. 

Figure 6. Distributions of P(H;|d) Verified 

Certainty scores for the CO. 
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Figure 7 illustrates the same distributions for the self-adapting MET. 
The MET provided a large number of very high P(Hi¡D) estimates from the 
beginning of the trial series. In order to provide more evidence for the 
early conservatism on the part of the CO (which later disappears to a 
great extent), distributions of all P(Hi|D) estimates across all hypothe¬ 
sis categories were graphed. These are shown in figures 8 and 9- Again, 
early but diminishing conservatism on the part of the CO is apparent. 

In comparing the CO and self-adapting KBT thus far, only the verified 
certainty scores have been considered. Let us now consider the dichotomous 

Figure 7. Distributions of P(Hí|d) Verified Certainty 
Scores for the MET Using the Same Data as the CO. 
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TABLE h 

DICHOTOMOUS SCORES FOR CO AND SELF-ADAPTING 
MBT USING IDENTICAL DATA 

Experimental Condition 
I II III IV 

Totals 

CO 

MBT 

31 57 55 35 

3k 55 57 31 

178 

177 

Figure 8. Distributions of ail P(Hí|d) Values 
Estimated by the CO. 

23 



scores which indicate the number of occasions on which the highest (or 
first choice) P(Hi|o) estimate was correct. Table I indicates the number 
of occasions on which the first choice estimates made by the CO and the 
self-adapting MBT (using identical data) were correct in each experimental 

condition. 

The similarity between CO and MBT scores in each condition is striking. 
A further breakdown of these dichotomized scores is provided in table 5. 
The P(Hi|d) estimates for the 236 developmental groupings seen in the ex¬ 
periment were scored in the dichotomized manner. On seven occasions the 

Figure 9. Distributions of all P(Hí|d) Values 
Estimated by the MBT Using Same Data as CO. 
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TABLE 5 

CO AND SELF-ADAPTING MBT DICHOTOMIZED SCORE BREAKDOWN 

Number of 
Cases 

Percentage 
of Total 

I. CO and MBT Agree 

Both were correct 
Both were incorrect 

l6i* 

11*9 
15 

69.1*9 

63.13 
6.36 

II. CO and MBT Disagree 

CO was correct 
MBT was correct 
Neither was correct 

65 
29 
27 

9 

27.51* 
12.29 
11.1*1* 
3.81 

III. Equivocal CO Judgments 

MBT was correct 
MBT was incorrect 

7 
1 
6 

2.97 
0.1*3 
2.5a 

CO's first choice could not be determined because of equal probability as¬ 
signment. These were termed "equivocal" judgments. 

In summary, the CO was correct in his first choice or highest P(Hí|d) 
estimate on 178 out of 236 possible cases or 75.1*2$ of the time. The self- 
adapting MBT using the same data as the CO produced 177 out of 236 correct 
first choice estimates or 75$ of the time 

C. The Effects of the Category Change Procedure upon CO and Self-Adapting 

MBT hHilD) Estimation 

One might expect that the contingency rule alteration occasioned by the 
category change procedure (see Section III) would have a definite décrémentai 
effect on P(Hi|d) estimations produced after the category change. What is 
interesting, of course, is the number of examples of the new category re¬ 
quired to elevate the P(Hi|D) estimates again for the hypothesis category 
in question. Figure 10 shows this relationship both for the CO and the 
self-adapting MBT (using identical data). In the upper graph N is the 
number of changed categories (original aggressor response alternatives as 
listed in Appendix B). The graph relates N to the number of examples (or 
individual developmental groupings) seen of a new category after it had 
changed. For example, in all 16 of the changed categories (other than the 
first four which were the original definitions) there were at least six 
examples, in eight of the categories there were at least ll* examples, and 
in one category there were 18 examples of it following the change. The 
lower graph shows how the P(Hi|D) estimates produced by the CO and the 
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Figure 10. Average P(Hí|d) Verified Certainty for CO and 

MET as a Function of the Number of Exposures to Examples of a 
Response Alternative Category. 

26 



self-adapting MBT increased as the number of examples of a category in¬ 

creased. Again, the similarity of performance by the CO and the MBT is 

striking. The one irregular point on the MBT graph, even though rechecked, 

remains unaccounted for. 

D. P(Djk|Hi) Estimation Accuracy 

Unfortunately, there can be no simple statement of the overall accu¬ 

racy the ISOs or the CO demonstrated in estimating these values. The primary 

reasons are: (a) since the different data classes had differing numbers of 

alternative states or conditions, the probabilistic structure underlying 

distributions of scores in these classes will be different, and (b) the 

scale properties of the aj score are somewhat difficult to specify; if aj 

has only ordering properties, combination of aj across different data classes 

may not be too defensible. For these reasons aj scores are presented with 

respect to each of the 25 data classes individually. The form of the pre¬ 

sentation of these values judged most meaningful at present is a distribu¬ 

tion of aj averaged over the four hypothesis categories for each data class. 

Because there are 25 data classes the distributions are included in Appendix 

in of this report. The mean aj score for each data class is also shown with 

each of the distributions. 

VI. DISCUSSION AND INTERPRETATION OF RESULT^ 

Increased control over the MBT aid on the part of the CO, as we defined 

control, seems to have had little or no effect on the CO's performance in 

estimating P(Hí|d). The data, presented in figure h, indicate that the CO 

went through the required motions of increased MBT-aid manipulation, then 

in the final analysis relied upon his own judgment. His judgment improved 

throughout the experiment apparently independent of the MBT-aid configura¬ 

tion. The MBT-aid accuracy was highest in ^he self-adapting configuration 

and suffered under both conditions in which the CO exerted control over it. 

The adjusted parameters Ky and wjy in condition III and the inserted 

P(Djk|Hi) values in condition TV both served to decrease MBT-aid accuracy. 

One might argue, of course, that to be maximally effective, MBT aid should 

have been provided for the CO at the exact time he made his final P(HíJd) 
estimates (i.e., at T^ in figure 1). The fact that all four developmental 

groupings terminated in each session at nearly the same time imposed data- 

processing restrictions which prevented MBT aid simultaneously with required 

decision times. We are in a position, however, to observe the accuracy of 

the MBT aid under circumstances when the final and complete data set was 

available to the CO. In figure li the open circles in blocks 2 and 6 and 

the triangles and square in blocks 3, Ü, and 5 indicate what the MBT-aid 
accuracy would have been in these circumstances. In only one block (2) 

would the verified certainty scores of such an aid have been superior to 

the CO’s estimates. This assumes, of course, that the aid under these 

latter circumstances would have had no décrémentai effect on the CO per¬ 
formance . 

The verified certainty data show only slight differences between the 

CO and self-adapting MBT estimates on the basis of identical attribute data. 
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The dichotomous score data show an even greater overall similarity between 
these two estimates. Conceivably, the ü-alternative hypothesis situation 
presented no real challenge to the human inspite of the large amount of 
data to be processed and the category change procedure. What is most in¬ 
teresting, however, is the shift from conservative human certainty estimates 
in early trials to very large or definite commitment-type estimates in later 
trials. It may be necessary to qualify Edvards' conclusions regarding human 
P(Hí|d) estimation conservatism (ref. 3, p. 16). More evidence is necessary 
on this issue, however, since we offer data obtained from only one subject. 

The category change procedure, instituted out of necessity, seems not 
to have been particularly bothersome either to human or MET. Indeed, it 
even allowed observation of the effects on P(Hí|d) estimation of varying 
numbers of examples of each Hi category. The similarity exhibited by the 
CO and self-adapting MET in adjusting to the differing contingency rules 
with category change is most interesting. 

The discussion will now be concluded with the following general remarks: 

1. In two experiments thus far, compelling evidence for the efficacy 
of a Bayesian hypothesis-selection aid has not been obtained. In part, 
rather severe methodological difficulties to which the "aid" concept has 
led, have been responsible. The aid concept has effectively reduced the 
number of key subjects from whom performance data can be collected. In 
addition, efficacy of the aid within the context of a time-contingent stimu¬ 
lus environment is difficult to estimate because of the continual obsoles¬ 
cence of information. The precise extent to which the aid influences human 
judgment on any occasion is difficult, if not impossible to specify. 

2. Given a small hypothesis set and an environment in which a meaning¬ 
ful and fairly accurate accumulation of past history can be maintained (i.e., 
a frequentistic environment), the present data suggest that human P(Hi¡D) 
estimates may approach, if not exceed, the size of those produced by the MET. 

3. Statements regarding the unwillingness of humans to estimate ex¬ 
treme probabilities (i.e., conservatism) may have to be qualified to allow 
for learning and experience. In the present experiment the data suggest 
decreasing conservatism with increasing experience. 

ii. Because the concept of the MET as an aid leads to rather intractible 
experimental situations and because there is not yet enough data available to 
form an intelligent judgment of the efficacy of automated hypothesis selec¬ 
tion, it is proposed that the systems research vehicle be used to examine, 
under a wide range of conditions, more basic issues concerning unaided human 
commerce with the probabilistic data implied by the Bayesian paradigm. 
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APPENDIX I 

ATTRIBUTE DATA CLASSES 

Data Class 
Number of 

Possible 

States 
Description 

I. Mechanized Rifle Battalions 8 The states or levels of 

data classes I through 

II. Medium Tank Battalions 7 

XII all refer to numbers 

of battalions or squadrons 

of the type indicated by 

the various data class 

labels indicated in 

column 1. The first level 

in every data class refers 

to zero battalions or 

squadrons . 

III. Heavy Tank Battalions 6 

IV. Artillery Battalions (range 

up to 10,000 meters) 
3 

V. Artillery Battalions (range 

up to 20,000 meters) 
3 

VI. Artillery Battalions (range 

up to 30,000 meters) 
3 

VII. Rocket Battalions 3 

VIII. Intermediate Range Ballistic 

Missile Battalions 
3 

IX. Ground Reconnaissance 

Battalions 
2 

X. Tactical Air Support 

Squadrons 
k 

XI. Aerial Reconnaissance 
Squadrons 

h 

XII. Surface to Air Missile 

Battalions 
h 
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Data Class 

Number of 
Possible 
States 

Description 

XIII. Units of Fire for Infantry 
and Armoured Units (Main 
Attack Forces) 

k This data class refers 
to the amount of ammuni¬ 
tion being carried by 
road or rail convoys which 
provide logistics support 
for infantry and armoured 
units. 

XIV. Units of Fire for Artillery, 
Missile, and Rocket Units 
(Combat Support Forces) 

h Refers to the amount of 
ammunition being carried 
by supply convoys for 
these three classes of 
units. 

XV. Dispersal Distance between 
Supply units 

h Distance in miles between 
terminal positions of 
supply convoys. 

XVI. Supply Timing for Main 
Attack Units 

3 Refers to temporal order 
of appearance of supply 
units and units being 
supplied. 

XVII. Supply Timing for Combat 
Support Units 

3 Same as XVI. 

XVIII. Terminal Activity Zone ? Refers to the distance in 
miles from the border of 
the most forward units in 
a developmental grouping. 

XIX. Terminal Activity 
Development Pattern 

h Refers to the configura¬ 
tion or placement of units 
laterally along the border 
of contention after these 
units have reached their 
terminal positions. 
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Data Class 
Number of 
Possible 
States 

Description 

XX. Attack Position Lateral 
Dispersion 

5 Dispersal distance in 
miles along a border of 
contention of an entire 
developmental grouping. 

XXI. Attack Position Depth Distance in miles involved 
in the placement of forces 
perpendicular to a border, 
i.e., the distance between 
the most forward unit in a 
grouping and rearmost unit. 

XXII. Attack Buildup Timing 3 Refers to the temporal 
order of appearance at 
terminal positions along 
a border of contention 
of main attack units and 
combat support units. 

XXIII. Transportation Methods 3 Refers to the combination 
of road, rail, and air 
facilities used to trans¬ 
port aggressor units in 
any developmental grouping. 

XXIV. Ground Transportât ion 
Speed Class 

5 Road and rail convoy speed 
during the buildup of a 
developmental grouping. 

XXV. Developmental Period 6 Length of time in days 
from beginning to termina¬ 
tion of a buildup of a 
developmental grouping. 
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APPENDIX II 

ORIGINAL ALTERNATIVE AGGRESSOR STRATEGIES 

Strategy 
No. 

Penetration Depth 
(miles) Strategy 

Actual Attacks 

1 
2 

h 
s 
6 

7 
8 
9 

10 

100 
100 
So 
So 
25 
25 
25 
10 
10 
10 

Double Pincer 
Multiple Penetration 
Double Pincer 
Multiple Penetration 
Double Envelopment 
Single Envelopment 
Penetration 
Double Envelopment 
Single Envelopment 
Penetration 

Rehearsals 

11 
12 
13 
lh 
15 
16 
17 
18 
19 
20 

100 
100 
50 
5o 
25 
25 
25 
10 
10 
10 

Double Pincer 
Multiple Penetration 
Double Pincer 
Multiple Penetration 
Double Envelopment 
Single Envelopment 
Penetration 
Double Envelopment 
Single Envelopment 
Penetration 
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APPEND1X III 

DISTRIBUTIONS OF P(Djk|Hi) AGREEMENT SCORES (aj) 

1. aj is defined on page 16 of this report. 

2. Score class code used in the distributions below and on the next 6 pages 

Score Class 

Code Number 

1 
2 
3 
h 
$ 
6 
7 
8 
9 
10 

Data Class 1 
8 Alternatives 

Range of aj Values 

. 000 - .101* 

.105 - .201* 

.205 - .301* 
• 305 - .1*01* 
.1*05 - .501* 
.5o5 - .6ol* 
.605 - .701* 
.705 - .801* 
. 805 - . 901* 
.905 - 1.000 

Data Class II 
7 Alternatives 
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Doto Class TU 
6 Alternatives 

Data Class IZ 
3 Alternatives 

Data Class X 
3 Alternatives 
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40 

4 Alternatives 
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Data Class H 
4 Alternatives 4 Alternatives 

4 Alternatives 4 Alternatives 
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Data Class tviii 
5 Alternatives 
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Data Class Trir 
4 Alternatives 

Data Class XX 
5 Alternatives 

Data Class TTT 
4 Alternatives 

Data Class XXH 
3 Alternatives 
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