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Overview

The current research program deals with ways by which the representation of battlefield

information in general and information about uncertainty in particular, may enhance

Decision Making, Situation Awareness (SA) and Sensemaking in battlespace

environments (Brickner and Lipshitz, 2004). Previous stages of research were based on

observations by the research team in a company-level simulation experiment and a

brigade-level field experiment (Brickner and Sadot-Parag, 200Sa,b - See Appendix 3).

The present stage included observation and analysis of controlled experimental research

that took place in the Israel Defense Forces Battlefield Laboratory (BatLab - Appendix

4). A Battle Management System (BMS) was conceptually designed by PAMAM and

developed for the experiment by the BatLab. Because of the high complexity inherent in

operational situations and scenarios it was decided to perform this experiment within a

relatively restricted battlefield and with a low level of command. Additional, more

complex, missions may be simulated and run in the future.

The research literature on BMS Human Factors in general and uncertainty representation

in BMS in particular, is based primarily on qualitative measures: Task analyses,

questionnaires, Subject Matter Expert (SME) interviews, reports of observers, etc. (e.g.,

Bisantz, Kesevadas, Scott, Lee, Basapur, Bhide and Sharma, 2002). Our goal, however,

was to use experimental tools that will provide quantitative performance measures. A

novel research methodology was developed by PAMAM in order to cope with the

methodological problems associated with running a controlled experiment in a complex

command and control environment. This environment (described below) allows the

scenario to develop naturally but restrains the development of high levels of variability by

"resetting" the situation at predefined decision points. A SME prepared eight highly

detailed operational scenarios that were programmed and implemented by the BatLab

(see Appendix I for an exemplary scenario).

After a series of pretests and adaptations, 16 SMEs from the Israeli Defense Forces (IDF)

were randomly assigned to two groups; eight in the experimental uncertainty group and

eight in the control group. All subjects performed all of the eight scenarios: two training
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and six experimental scenarios. The control group performed the scenarios with standard

tactical symbols on the BMS whereas for the experimental uncertainty condition special

additions to the tactical symbols were developed by PAMAM (Appendix 2). The

experiments were run in the BatLab by BatLab staff, under the professional supervision

of PAMAM. Each experiment lasted approximately four hours and included the two

training and six experimental scenarios.

The representation of uncertainty did not have an overall effect on decision making

quality but had a significant effect on seven out of the 30 decision points (five decision

points within each of the six experimental scenarios). At each decision point subjects

could ask for additional information from one or two sources, for the "price" of

expending some time. Additional information had a significant positive effect on decision

making performance. Patterns of information request were different in the experimental

group than in the control group. Large individual differences were found between SMEs

some of whom demonstrated high levels of command and control expertise while others

seemed to lack sufficiently deep understanding of the relations between the BMS and

reality. There were also large individual differences in rates of additional information

requests. Subjects' SA probes, using the Situation Awareness Global Assessment

Technique (SAGAT - Endsley, 2000) showed that, most of the time, subjects were

capable of maintaining reasonable good control of both the near vicinity of the blue force

and the relevant periphery. No clear differences in SA were found between the

experimental and the control group.

In spite of the restrictions imposed by the research methodology (i.e., subjects required to

make forced choice decisions and acquire additional information only at pre-defined

locations), the SMEs expressed overall highly positive opinions of the experiment, the

operational environment, scenarios, decision points, additional information and SAGAT

probes. Furthermore, some of them expressed their wish to use such a system as a

training environment. The representation of uncertainty was evaluated to be a useful idea

both in general (enhancing the understanding that the BMS information contains inherent

uncertainty) and specifically (representing known sources of uncertainty). It should be

noted that these opinions were only partially reflected in the subjects' performance.

2
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Our conclusion is that uncertainty information (when available and reliable) should be

available to commanders as an optional layer of information on the BMS.

Another important lesson is that available information was underused, resulting in sub­

optimal decisions. It is not completely clear why several subjects refrained from requiring

available information. Obviously, however, this kind of behavior was counterproductive

and ways of changing it should be devised.

Some individual subjects were excellent decision makers whereas several others did quite

poorly. A cognitive task analysis is recommended in order to better the understanding of

the basis and the sources of good battlefield decision making and impart it with the less

proficient commanders.

Some potential future research issues are Outlined in the "Recommendations and Future

research" section.

3
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Introduction

In recent years the technology for acquiring, processing distributing and displaying

battlefield information has been constantly developing. Based, in part, on the information

revolution in the commercial sector the military strives to replace existing hierarchical

information systems with a network approach in which all participants may serve as

sources as well as clients of information (Leedom, 2001, 2002, 2004). One important

consequence of such approach is a much wider distribution of Command, Control,

Communication and Intelligence (C3I) information devices. Systems that in the past were

the sole property of high level command and major platforms (e.g., bombers), are

gradually being deployed to low level units and even to single shooters (for example,

helicopters, tanks, infantry soldiers - e.g., US Army Land Warrior Program - e.g.,

ARNEWS, 2006). Theoretically, the high availability of information should lift much of

the "fog of war". Nevertheless, the growing complexity of the battlefield may outweigh

improved means for obtaining, distributing and displaying information, thereby

maintaining high levels of uncertainty (Brickner and Lipshitz, 2004). The modem

battlefield may contain great numbers and varieties of objects, many of which may be

highly dynamic and many of which may be well concealed. Furthermore, the very nature

of war seems to be changing from conflicts between national armies to conflicts between

armies and various types of guerilla organizations (e.g. the Israel - Palestinian conflict,

US wars in Iraq and Afghanistan). This type of adversary tends to be small, agile, mostly

concealed and with very low signatures; they are, therefore, very hard to detect and

recognize.

Information and uncertainty in the commanders' "information world"

Commanders plan, command and control missions that take place in the real world. The

term "information world" (Brickner and Lipshitz, 2004) describes the combined

information that is necessary for the performance of these missions. The "world" can be

divided into four dimensions:

• The physical world (geography, topography, atmosphere).

4
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