
HUMAN ERROR:
Cause, Prediction, and Reduction

analysis and synthesis by

JOHN W. SENDERS, PH.D.
NEVILLE P. MORAY, D.PHIL

LAWRENCEERLBAUMASSOCIATES,PUBLISHERS
1991 Hillsdale, New Jersey Hove and London



Contents

Foreword, Edwin A. Fleishman

Preface

Contributors to this Volume

I. INTRODUCTION 1

The Study of Human Error 1
How This Book Came to Be 3
Some Crucial Questions About Human

Error 5
The Discipline Develops: the Columbia

Falls Conference 7
A Crucial Study: The Bellagio

Conference 10
About This Book 15

II. SOME QUERIES AND SOME
DEFINITIONS 19

Does Error Exist? 19
What is a Fault? 26



VI CONTENTS

What is a Mistake? 26
What is a Slip? 27
What is an Accident? 28
Where do Errors Come From? The

Causes, Reasons and Origins of
Error 29

Should Actors be Held Responsible for
Their Errors? 33

About Skill, Learning, and Error 34
About Evolution 36
About Creativity 37
Speculations 38
Can Errors be Controlled 38
General Comments 40

III. ON TAXONOMIC ISSUES 41

On The Nature Of Taxonomies 41
Two Proposed Taxonomies 46
A Taxonomy of Psychological

Mechanisms 48
Some Other Basic Classifications 49
Summary 51

IV. ON THEORIES OF ERROR 53

Is There A Theory of Error? 53
Is an "Error Theory" Different from a

Theory of Behavior? 54
A "Special Theory" of Error? 54
Some Different Approaches to a Theory

of Error 55
Summary 58

V. ON THE PREDICTION OF ERROR 59



CONTENTS v i i

How Can We Predict Errors? 59
Predicting Time and Form 61
Predicting Probabilities 62
Psychological Bases of Error 65

VI. ON THE REDUCTION OR
ELIMINATION OF ERROR 71

How Can We Reduce Error? 71
Reducing Error Through Engineering 72
Psychology and Training in Error

Reduction 76
Is Error Reduction Possible? 78

VII. ON THE PROPER CLASSIFICATION
OF ERRORS 81

A Temporary Definition of "Error" 81
Why Is a Taxonomy Necessary? 81
How Must Errors be Described? 84
Some Taxonomies Already in Use 86
The Requirements of a Taxonomy of

Error 88
A Taxonomy of Taxonomies 89
The Four Levels of Inquiry About

Error 91
The Natural History of Errors 94
Closed-Loop Aspects of Error

Generation 96
A Practical Application 97

VIII. ON THE CAUSES OF ERROR 99

Do Errors Happen by Chance, or Can We
Identify Their Causes? 99



viii CONTENTS

Predicting Errors 100
Problems of Causality 102
Errors and Accidents: An Important

Distinction 104
Causal Chains 104
What is "Cause?" 108

IX. RISK MANAGEMENT AND THE
CONTROL OF ERROR I l l

How Do We Prevent Errors and Eliminate
Their Effects? I l l

Problems with Error Reduction and
Prevention 112

The Value of Error 115
Error-Forgiving Design 116
Is Error Prevention Possible? 117
System Reliability And Redundancy 117
Social Interaction and Error 118
Error Therapy 121
Feedback in the System 122
The Observation of Errors 123
Training and Error Reduction 124
Skill and Knowledge 125
Summary 128

X. EPILOGUE: FURTHER
COMMENTARIES ON ERROR 131

"AH The King's Men"—Orlindo
Pereira 131

"An Update On Human Error"—John
Wreathall 134

REFERENCES 137

APPENDICES 139


