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/ INTRODUCTION

Cognitive Environment Simulation (CES) is both a methodology and an Al tool. As a methodology, it
denotes a technique that models human operators' cognitive processes to either (a) aid in designing the
interface 1o a complex system (such as nuclear reactor control room), or (b) assess the cognitive causality
that affects the likelihood of human error in specific accident scenarios. As an Al tool, CES is an expernt
system that models human operators’ reasoning and decision processes. In this application, both the
methodology and the tool were focussed on moedeling human intention formation and errors in a
problem-solving context.
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"The CES tool consists of an inference engine and knowledge base that are object-oricnted at a level of
analysis to facilitate the modeling of human decision—-making, While descended from the carly Al
successes of Internist and Caduceus in the arena of medical diagnosis (Pople, 1985), CES has been
restructured and enhanced to deal with additional knowledge requirements encountered in real-time
control of complex systems. This vergion of CES receives its input from a virtual display, a file of several
hundred plant parameters whose values are sampled every five seconds. Analogously toacrew observing
control room displays, CES reads the virtual display file and evaluates what it "sees”. CES’ evaluation is
based on the changes it obscrves in relation to its prior knowledge of operational goals, plant structure,
event history, and operator procedures that are represented in its knowledge base. Its output is an
English-like protocol of observations, explanations, and declarations of recommended action (intent) that
it would take if it could. These last also represent actions that human operator(s) could take if they so
decide. Through manipulation of its knowledge base, CES can also be caused 1o make mistakes for
human-like reasons.

OBJECTIVES

The primary objective of this research has been to develop a new methodology for the study of human
reliability, complete with an analytic tool (CES) for learning about context—specific psychological
precursors (Wagenaar, Hudson, & Reason, 1991) to operator error in controlling complex processes. The
immediate objctive of the reported work (Hoecker, Pople, & Benhardt, 1991) was to demonstrate the
feasibility of applying CES to a new domain - that of the defense production reactors, whose design and
operating philosophy differ in key areas from power rcactors, where CES has already demonstrated
interesting results (e.g., Woods, Pople & Roth, 1990).
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With the recent exercise of CES on a cognitively: hard but otherwisc casily controllable high~fidelity
simulation (combined, moderate-scale primary and sccondary cooling system Icaks), analysis of the
results shows that objective has been met. The purpose of developirg a challenging scenario was to
gencrateaplausible yeterror-prone context in which to use CES evaluate the performance shaping factors
that influence decision~-making and error commission. The cognitive difficulty in the scenario arose from
a number of sources, but primarily because the first break changed the context in which the second event
occurred, so that commonly-used procedures for the second break as an isolated event no longer applied.
This meant that the solution to the first break had to be re-~worked before action could commence on
dealing with the second break. While crews could handle the scenario successfully, it was difficult because
of the limited time available for diagnosis and action. Comparing the performance of CES with crews
showed that at a top level, CES’ responses resembled those of the human operators who responded
successfully to the very same event—although operators received their data via the control boards, while
CES received its data via the virtual display. CES was also fast, taking lcss than a minute to process a
virtual display representing 45 minutes of hunian-system interaction. This is encouraging for CES’
potential application as a decision~aid although the work reported here was directed toward analytic tools
for the design and evaluation of control stations and procedures.

Analysis of crew performance in this scenario showed that operators thought much more broadly and
deeply than CES about the issues confronting them, This wasexpected; the analysis had been performed to
provide a rich basis for itcratively growing the knowledge base. It also showed a number of potentially
error-likely passages that could become topics for later research into improved performance factors in the
control room, While none of these led to the actual commission of crror actions, from an error—thcoretic
view they suggest points at which the combined working knowledge structure (represented here by
operators, procedures, and the control room interface) may have higher vulnerability to operator error in
the context of this kind of event. The high cost of cognitive task analysis argues for a number of
enhancements to CES to make it more productive as a tool to more efficiently uncover and cvaluate the
large number of intriguing issues that can be generated in just a few simulations that explore this kind of
scenario,
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