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HUMAN FACTORS PERSPECTIVES ON WARNINGS, VOLUME 2 
From the Introduction ... 

"The ultimate goal of any safety system is the prevention of accidents and injury. The often-cited safety 
hierarchy suggests that the first line of defense in such a system is safe design - where po~sible, products 
should be designed to reduce the risk of injury to the user . .. . When hazards are not or cannot be addressed 
through [guarding against hazards, training users, or providing protective equipment] (and even in certain 
instances in which they are), warnings can be employed to inform users of potential hazards. Because 
warnings are considered the last line of defense against potential injury, they can often play a significan t 
role in the safety of a product or environment .... Researchers from many disciplines have contributed to 
the growing body of scientific literature on warnings - a substantial portion of it from huma n facto rs/ 
ergonomics {HF/E) researchers who have presented their work at Human Factors and Ergonomics Society 
annual meetings . Groups outside the HF/E field have become increasingly interested, such as professionals 
in law, manufacturing, and government, and practitioners and researchers in safety -related areas like com-
munications, engineering, health care, marketing, and industrial hygiene." 

Following on the success of its predecessor, this second volume contains 59 top-rated full papers and 52 
abstracts from the years 1994-2000 of HFES Annual Meeting proceedings, plus a complete bibliography of 
meeting presentations on warnings and hazard communication since 1973. These papers can help profes-
sionals in all areas related to warnings and safety understand the factors that are influential in the design 
of effective warnings. 
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larly the topics of risk perception, safety communications (warnings), and industrial accident analysis. 

Copies of the first volume, Human Factors Perspec tiv es on Warnings 
( 1980- 7993) , are stilt available from HFES for $35/members, 
550/n onmembers. Call 310/394 - 1811 or log on to http://hfes.org. 

ISBN 094528917 - 0 

9 78 0945 289173 



HUMAN FACTORS 

PERSPECTIVES ON WARNINGS, 

VOLUME 2 
Selections from Human Factors 

and Ergonomics Society 

Annual Meetings 1994-2000 

·~.~ , a 
Edited by 

Michael S. Wogalter 

Stephen L. Young 

Kenneth R. Laughery, Sr. 

Published by The Human Factors and Ergonomics Society 
P.O. Box 1369 
Santa Monica, CA 90406-1369 USA 
310/394-1811 Fax 310/394-2410 
info@hfes.org http://hfes.org 



Copyrigh t © 200 1 by the Human Factors and Ergonomics Soc iety. All rights reserved. 

Ind iYidual reader s of this book and nonprofit libraries acting for them are freely permitted to make 
fair use of che material in it , such as to copy a chapter for use in teaching or research. Permission 
is granted to quote excerpts from chapters in scientific works with the customary acknowledgment 
of the source , including the author's name, the book's title, and the publisher's name. 

Permission to reprod uce any chapter or a substantial portion (more than 300 words ) thereof, or any 
figure or table, must come from the author and from the HFES Comm unications Department. 
Reproduction or systematic or multiple reproduction of any material in this book is permitted only 
under license from the Human Factors and Ergonomics Society. Addres s inquiries to the 
Communications Department, Human Factors and Ergonomics Society, P.O. Box 1369, Santa Monica, 
CA 90406-1369 USA; 310/394 - 1811, fax 310/394-2410 , lois@hfes.org . 

Add itional copies of this book may be obtained from the Human Factor s and Ergonomics Society 
for $40.00 per copy for members and $60.00 per copy for nonmembers. Add $7.00 for shipping and 
hand ling and California sales tax if applicable. Discounts apply on purchases of five copies or more; 
contact the Society at the address given above. 

The Human Factors and Ergonomics Society is a multidisciplinary professional association of almost 
5000 persons in the United States and throughout the world. Its members include psycho logists, 
designers , and scientists, all of whom have a common interest in designing systems and equipment to 
be safe and effective for the people who operate and maintain them. 

ISBN 0-945289-16 -2 

Library of Congre ss Cataloging -in-Publication Data 

Human factor s perspective s on warn ings , volume 2 : selection s from Human 
Factors and Ergonomics Society annual meetings, 1994-2000 / edited by 
Michael S. Wogalter, Kenneth R. Laughery, Sr., Stephen L. Young. 

p. cm. 
Includes bibliograph ical reference s and index. 

ISBN 0-945289 - 16-2 
1. Risk communicat ion-Congre sses. 2. Warnin gs- Congresses. 3. 

Product safety-Congre sses. I. Wogalter , Michael S., 1955-
II. Laughery , Kenneth R., 1935- . Ill. Young, Stephen L. , 1967-
IV. Human Factors and Ergonomics Society. Meeting. 
Tl0 .68 H863 2001 
620 .8'6-dc21 

2001002354 

ii 



Contents 

Introduction 

Full Articles 

Intended Carefulness Rat ings for Voiced 
Warning Statements 
Rana S. Barzegar & Michae l S. Wogalter 

Proceedings of the !EA 2000/HFES 2000 Congress, 
5.686-5 .689 

Ora l and Written Symbol Comprehension Testing: 
The Benefit of Cognitive Interview Probing 
Kimberly A. Bran tley & Michae l S. Wogalter 

Proceedings of the HFES 43rd Annual Meeting, 
I 999, 1060- 1064 

Differences in Be havioral Compliance as a Function 
of Warning Color 
Curt C. Braun, Brian Greeno, & N. Clayton Silver 

Proceedings of the HFES 38th Annual Meeting, 
1998, 379- 383 

Adding Consequence Informa tion to Product 
Instructions: Changes in Hazard Perceptions 
Curt C. Braun, Ronda S. Holt, & N. Clayton Silver 

Proceedings of the HFES 39th Annual Meeting 
1995, 346- 350 

Signal Word and Color Specifications for Product 
Warnings: An Isoperformance Application 
Curt C. Braun, Lori Sansing, Robert S. Kennedy , & 
N. Clayton Silver 

Proceedings of the HFES 38th Annual Meeting, 
1994, 1104-1108 

Warning Sign Components and Hazard Perceptions 
Curt C. Braun & Eric F. Shaver 

Proceedings of the HFES 43rd Annual Meeting, 
1999, 878- 882 

Asterisk indicates the original is an abstract only. !EA 
2000/HFES 2000 Congress includes the Human Factors 
and Ergonomics Society's 44th Annual Meeting. The 2000 
proceedings consist of seven volumes, each beginning on 
page 1 ( e.g., 4.444- 4.447 indicates the paper is in 
Volume 4). IEA 2000 = International Ergonomics 
Association XIVth Triennial Congress. 

Xl 

1 

5 

10 

15 

20 

25 

iii 

Enhancing Comprehension and Retention of 
Safety -Related Pictorials 
John W. Brelsford, Jr., Michael S. Wogalter , & 
James A. Scoggins 

Proceedings of the HFES 38th Annual Meeting, 
1994, 836- 840 

Measuring Visual Search Time for a Product Warning 
Label as a Function of Icon , Color , Column, and 
Vertical Placement 
Julie A. Bzostek & Michael S. Wogalter 

Proceedings of the HFES 43rd Annual Meeting, 
1999, 888- 892 

The Comprehensibility of Airline Safety Card 
Pictorials J. K. Caird, B. Wheat, K. R. McIntosh, & 
R. E. Dewar 

Proceedings of the HFES 41st Annual Meeting, 
1997, 801- 805 

Connoted Hazard and Perceived Conspicuity of 
Warning Configurations 
Deane B . Cheatham & Michael S. Wogalter 

Proceedings of the HFES 43rd Annual Meeting, 
1999, 883-887 

Perceived Risk Dilution with Multiple Warnings 
Jessie Y. C. Chen, Richard D. Gilson, & 
Mustapha Mouloua 

Proceedings of the HFES 41 st Annual Meeting, 
1997, 831-835 

Consumer Product Warnings: Effec t of 
Injury Statistics on Recall and Subjective Evaluations 
Vincent C. Conzola & Michael S. Wogalter 

Proceedings of the HFES 42nd Annual Meeting, 
1998, 559- 563 

Designing Effective Warning Messages for Patient 
Medication Information 
David M. Dejoy & Kay L. Brooks 

Proceedings of the !EA 2000/HFES 2000 Congress, 
4.810- 4.813 

Methodology for Performing Applied Research to 
Improve an Existing Product Warning (Soda Bottle) 
Shelley Waters Deppa 

Proceedings of the !EA 2000/HFES 2000 Congress, 
4.298- 4.301 

30 

35 

40 

45 

50 

55 

60 

64 



Human Fac10rs Perspec ti,·es on Wamin gs, Volume 2 

Human Factors behind the Improved ANSI Z535.3 68 Prescription Medication Information: Improving 104 
Label Standard for Safety Symbols Usability through Human Factors Design 
Shelley Waters Deppa & B. Jay Martin Judith J. Isaacson, Helen Altman Klein, 

Proceedings of the HFES 41st Annual Meeting, Robert V. Muldoon 
1997, 816-820 Proceedings of the HFES 43rd Annual Meeting, 

1999, 873-877 
An Integrative Approach to Warnings Research 73 
Judy Edworthy Understanding of Aviation Safety Pictograms among 109 

Proceedings of the !EA 2000/HFES Congress, Respondents from Europe and the United States 
4. 770-4 . 773 Florian G. Jentsch 

Proceedings of the HFES 40th Annual Meeting, 
Extending Knowledge of the Effects of Social 77 1996, 820-824 
Influence in Warning Compliance 
Judy Edworthy & Stephen Dale Evaluating Choking Child Pictorial Symbols 114 

Proceedings of the !EA 2000/HFES 2000 Congress, Michael J. Kalsher, Kimberly A. Brantley, 
4.107-4 .110 Michael S. Wogalter, & Jennifer Snow-Wolff 

Proceedings of the !EA 2000/HFES 2000 Congress, 
Potential Problems Associated with 81 4. 790-4. 793 
Overusing Warnings 
J. Paul Frantz, Timothy P. Rhoades , Hazard Level Perceptions of Current and 118 
Stephen L. Young, & Jean A. Schiller Proposed Warning Sign and Label Panels 

Proceedings of the HFES 43rd Annual Meeting, Michael J . Kalsher, Michael S. Wogalter, 
1999, 916-920 Blair M. Brewster, & Marilyn E. Spunar 

Proceedings of the HFES 39th Annual Meeting, 
Assessing the Effects of Adding Messages to 86 1995, 351-355 
Warning Labels 
J. Paul Frantz, Timothy P. Rhoades, Stephen L. Young, Enhancing the Perceived Readability of Pharmaceutical 123 
& Jean A. Schiller Container Labels and Warnings: The Use of Alternative 

Proceedings of the !EA 2000/HFES 2000 Congress, Designs and Pictorials 
4.818-4.821 Michael J. Kalsher, Michael S. Wogalter, 

Shari Pucci, & Bernadette M. Racicot 
Measuring Perceived Urgency to Create Safe 90 Proceedings of the HFES 38th Annual Meeting, 
Auditory Warnings 1994, 384-388 
Ellen C. Haas & Judy Edworthy 

Proceedings of the HFES 40th Annual Meeting, Allocation of Responsibility for Product Safety : 128 
1996, 845-849 Warning and Severity of Injury Effects 

Kenneth R. Laughery, Sr., Brenda R. Laughery , 
Understanding Age-Related Differences in the 95 Meredith L. McQuilkin, & David R. Lovvoll 
Perception and Comprehension of Symbolic Proceedings of the HFES 41st Annual Meeting, 
Warning Information 1997, 543-547 
Holly E . Hancock, Wendy A. Rogers, & 
Arthur D. Fisk Tire-Rim Mismatch Explosions: The Role of 133 

Proceedings of the HFES 43rd Annual Meeting, On-Product Warnings 
1999, 617-621 Kenneth R. Laughery , Sr., Keith A. Laughery, & 

David R. Lovvoll 
Reported Behavior to Hypothetical Hurricane 100 Proceedings of the HFES 42nd Annual Meeting, 
Warnings: Examining the Importance of 1998, 1088-1092 
Warning Content 
James M. Hitt II, Mustapha Mouloua, & Allocation of Responsibility for Product Safety 138 
Christina Morris Kenneth R. Laughery, Sr., David R. Lovvoll , & 

Proceedings of the !EA 2000/HFES Congress, Michael S. Wogalter 
4.286-4.289 Proceedings of the HFES 39th Annual Meeting, 

1995, 435-439 



Human Factors Perspectives on Warnings, Volume 2 V 

Determining Warning Label Content and Format 143 An Integrative Approach for Label Evaluation 176 
Using EMEA and Design 
Mark R. Lehto Donna M. Riley, Baruch Fischhoff, & Mitchell Small 

Proceedings of the !EA 2000/HFES 2000 Congress, Proceedings of the !EA 2000/HFES 2000 Congress, 
4. 774-4. 777 4. 778-4. 781 

Risk Perception Issues in the Use of Motorized 147 The Comprehensibility and Legibility of Twenty 180 
Shoulder Belt/Manual Lap Belt Systems Pharmaceutical Warning Pictograrn s 
David R. Lovvoll, Kenneth R. Laughery, Sr., E. L. Ringseis & J. K. Caird 
Michael S. Wogalter , & Stephanie A. Terry Proceedings of the HFES 39th Annual Meeting, 

Proceedings of the HFES 38th Annual Meeting, 1995, 974-978 
1994, 456-460 

The Influence of Container Shape and Color Cues 185 
Development and Evaluation of Symbols and Icons: 152 on Consumer Product Risk Perception and 
A Comparison of the Production and Focus Precautionary Intent 
Group Methods Elizabeth M. Serig 
Scott A. Macbeth, William F. Moroney, & Proceedings of the !EA 2000/HFES 2000 Congress, 
David W. Biers 6.59-6.62 

Proceedings of the !EA 2000/HFES 2000 Congress, 
1.327-1.329 Effects of Warning Symbol Explicitness 189 

and Warning Color on Behavioral Compliance 
Effects of the United States Alcohol Warning Label 155 Eric F. Shaver & Curt C. Braun 
on Adolescents Proceedings of the !EA 2000/HFES 2000 Congress, 
David P. Mackinnon & Liva Nohre 4.290-4.293 

Proceedings of the !EA 2000/HFES 2000 Congress, 
4.806-4.809 Comprehension and Perceived Quality of 193 

Warning Pictorials 
Behavioral Compliance with Warnings: Effects of 159 N. Clayton Silver, Michael S. Wogalter, 
Stress and Placement Blair M. Brewster , Barbara L. Glover, 
Amy Barlow Magurno & Michael S. Wogalter La Tandra A. Murray, Cheryl A. Tillotson, & 

Proceedings of the HFES 38th Annual Meeting, Tallah L. Temple 
1994, 826- 830 Proceedings of the HFES 39th Annual Meeting, 

1995, 1057-1061 
The Value of Explicit Hazard and Consequence 164 
Warnings for Products with Hidden Hazards Descriptive Survey of Household Product Warning 198 
B. Jay Martin Labels and Consumer Knowledge 

Proceedings of the /EA 2000/HFES 2000 Congress, Tonya Smith-Jackson, Venkat Balasubrarnanian, & 
4.302- 4.305 Sriram Sridharan 

Proceedings of the /EA 2000/HFES Congress, 
Warnings and Risk Taking in the Allocation 168 4.814-4.817 
of Responsibility for Consumer Product Safety 
Melissa E. Meingast, Kenneth R. Laughery, Sr., Determining the Preferred Order of Materials 202 
Brenda R. Laughery, & David R. Lovvoll Safety Data Sheets (MSDS): A User-

Proceedings of the HFES 43rd Annual Meeting, Centered Approach 
1999, 594-597 Tonya Smith-Jackson & Michael S. Wogalter 

Proceedings of the HFES 42nd Annual Meeting, 
The Effects of Familiarity and Risk Perception 172 1998, 1073-1077 
on Workplace Warning Compliance 
Julio Ortiz, Marc L. Resnick, & The Ordering of Over-the-Counter Pharmaceutical 207 
Khokiat Kengskool Label Components 

Proceedings of the !EA 2000/HFES 2000 Congress, William J. Vigilante, Jr., & Michael S. Wogalter 
4.826-4.829 Proceedings of the HFES 40th Annual Meeting, 

1996, 141-145 



VI Human Factors Perspectives on Warnings, Volume 2 

Product Manual Safety Warnings: The Effects 212 Effects of Concurrent Cognitive Task Loading ' 
of Ordering on Warning Compliance Behavior 
William J. Vigilante, Jr. , & Michael S. Wogalter Michael S. Wogalter & Mary 0. Usher 

Proceedings of the HFES 42nd Annual Meeting, Proceedings of the HFES 43rd Annual Meeting, 
1998, 593-597 1999, 525-529 

Availability of Owner's Manuals for "Second -Hand" 217 The Role of Pictorials in Environmental Safety Signs 
Consumer Products Stephen L. Young 
Michael S. Wogalter & Robin C. Baneth Proceedings of the HFES 41st Annual Meeting, 

Proceedings of the HFES 38th Annual Meeting, 1997, 797-800 
1994, 447-450 

Relative Importance of Different Verbal 260 
Incidental Exposure to Rotating Warnings on 221 Components in Conveying Hazard -Level 
Alcoholic Beverage Labels Infonnation in Warnings 
Michael S. Wogalter & John W. Brelsford, Jr. Stephen L. Young & Michael S. Wogalter 

Proceedings of the HFES 38th Annual Meeting, Proceedings of the HFES 42nd Annual Meeting, 
1994, 374-378 1998, 1063-1067 

Applying Usability Engineering Principles to the 226 Predictors of Pictorial Symbol Comprehension 265 
Design and Testing of Warning Messages Stephen L. Young & Michael S. Wogalter 
Michael S. Wogalter, Vincent C. Conzola, & Proceedings of the lEA 2000/HFES 2000 Congress, 
William J. Vigilante, Jr. 4.294-4.297 

Proceedings of the HFES 43rd Annual Meeting, 
1999, 921-925 Relative Order and Space Allocation of 269 

Message Components in Hazard Warning Signs 
Effect of Container Shape on Hazard Perceptions 231 Stephen L. Young, Michael S. Wogalter, 
Michael S. Wogalter, Kenneth R. Laughe ry, Sr., & Kenneth R. Laughery Sr., Amy Mag umo , & 
David A. Barfield David Lovvoll 

Proceedings of the HFES 41st Annual Meeting, Proceedings of the HFES 39th Annual Meeting, 
1997, 390-394 1995, 969-973 

Hazard Associatio ns of Warning Header Components 236 
Michael S. Wogalter, Amy B. Magumo, 
Ann W. Carter, Julie A. Swindell, 
William J. Vigilante, Jr., & Jason G. Daurity Abstracts 

Proceedings of the HFES 39th Annual Meeting, 
1995, 979-983 The Effects of Pictograph Explicitness on 275 

Hazard Perceptions 
Facilitating Information Acquisition for 241 Janice D . Alves-Foss, Gregory W. Thomas, & 
Over-the-Counter Drug s Using Supplemental Labels Curt C. Braun 
Michael S. Wogalter, Amy Barlow Magumo , Proceedings of the HFES 39th Annual Meeting, 
Kevin L. Scott, & David A. Dietrich 1995, 934* 

Proceedings of the HFES 40th Annual Meeting, 
1996, 732-736 Warning Labels and Accident Data 275 

S. R. Arndt, T. J. Ayres, R. L. McCarthy, 
Application of Cognitive Principles to the Design 246 R. A. Schmidt , C. T. Wood, & D. E. Young 
of Direct-to-Consumer Advertising of Proceedings of the HFES 42nd Annual Meeting, 
Prescription Medications 1998, 550-553 
Michael S. Wogalter, Corinna S. Paine, 
Brian J. Mills, & Tonya L. Smith-Jackson Decision-Making Proces ses in Risky and 275 

Proceedings of the HFES 43rd Annual Meeting, Nonrisky Consumer Product Selection 
1999, 515-519 Cassie B. Barlow & Amy J. Hammond 

Proceedings of the HFES 39th Annual Meeting, 
1995, 356- 360 

*Indicates original paper is an abstract only. 



Human Factors Perspectives on Warnings, Volume 2 Vll 

Intended Carefulness for Voiced Warning 275 Expectations and Warning Effectiveness: Literature 277 
Signal Words Review and Proposed Model 
Rana S. Barzegar & Michael S. Wogalter David M . Dejoy 

Proceedings of the HFES 42nd Annual Meeting, Proceedings of the HFES 41st Annual Meeting, 
1998, 1068-1072 1997, 826- 830 

Auditory Icons as Impending Collision System 275 To Warn or Not To Warn 278 
Warning Signals in Commercial Motor Vehicles Richard D. Gilson, Mustapha Mouloua , 
Steven M. Belz, Gary S. Robinson, & Jessie Y. C. Chen, & John P. Holmquist 
John G. Casali Proceedings of the !EA 2000/HFES 2000 Congress, 

Proceedings of the HFES 42nd Annual Meeting, 3. 734-3. 737 
1998, 1127-1131 

Pictorial Negations: Preferences for Different 278 
Reversal of the Cry-Wolf Effect: An Investigation 276 Circle-Slash Variations 
of Two Methods to Increase Alarm Response Rates Barbara L. Glover , Amy B. Magurno, 
James P. Bliss, Mariea D. Washington, & La Tondra A. Murray, & Michael S. Wogalter 
Bryan S. Fuller Proceedings of the HFES 40th Annual Meeting, 

Proceedings of the HFES 38th Annual Meeting, 1996, 910-914 
1994, 968* 

Using a Computer -Simulated World to Stud y 278 
The Interaction of Signal Word and Color on 276 Behavioral Compliance with Warnings : Effects 
Warning Labels: Differences in Perceived Hazard of Salience and Gender 
Curt C. Braun , Lori Sansing, & N. Clayton Silver Barbara L. Glover & Michael S. Wogalter 

Proceedings of the HFES 38th Annual Meeting, Proceedings of the HFES 41st Annual Meeting, 
1994, 831- 835 1997, 1283-1287 

Interaction of Warning Label Features: Determining 276 Effectiveness of Warning Labels as a Function 278 
the Contributions of Three Warning Characteristics of Visual Impressions 

Curt C. Braun & N. Clayton Silver L. J . Griffith & S. David Leonard 
Proceedings of the HFES 39th Annual Meeting, Proceedings of the HFES 39th Annual Meeting, 
1995, 984-988 1995, 931 * 

Comprehension and Compliance to Elevator 277 Adult Notions of Adults' and Children 's Perceptions 278 
Service Signs of Consumer Product Risk 
John W. Brelsford, Jr., Michael S. Wogalter, Amy J. Hammond 
Paul B . Begley , Lori F. Scancorelli, Proceedings of the HFES 39th Annual Meeting, 
Jay H. Williams, & Stephanie A. Terry 1995, 321- 325 

Proceedings of the HFES 38th Annual Meeting, 
1994, 974* Compliance with Stop Signs under Perceived 279 

Appropriateness versus Inappropriateness of the Sign 
Gender Differences in Perceived Hazardousness 277 Hal W. Hendrick 
of Warning Messages Proceedings of the !EA 2000/HFES 2000 Congress, 
Jessie Y. C. Chen, Richard D. Gilson, & 4.104- 4.106 
Morgan C. Wang 

Proceedings of the HFES 43rd Annual Meeting, Connoted Hazard of Voiced Warning 279 
1999, 1401* Signal Words: An Examination of Auditory Components 

Todd D. Hollander & Michael S. Wogalter 
Perceived Hazardousness of Warning Messages 277 Proceedings of the IEA!HFES 2000 Congress, 
Jessie Y. C. Chen, Richard D . Gilson, & 3. 702- 3. 705 
Morgan C. Wang 

Proceedings of the !EA 2000/HFES 2000 Congress, 
4.412* 



viii Human Factors Perspectives on Warnings, Volume 2 

Evaluating Graphical Messages for Mentally 279 Automatic Shoulder Belt Manual Lap Belt 281 
Retarded Adults: Do Pictures Get the Intended Restraint Systems: Human Factors Analyses 
Information Across? of Case Studies Data 
Henriette C. M Hoonhout Kenneth R. Laughery, Sr., Keith A. Laughery, & 

Proceedings of the !EA 2000/HFES 2000 Congress, David R. Lovvoll 
4.798-4.801 Proceedings of the HFES 40th Annual Meeting, 

1996, 492-496 
Home Alone: Prescription Users and Medication 279 
Information Sheets Allocation of Responsibility for Child Safety 281 
Judith J . Isaacson, Helen Altman Klein, & Kenneth R. Laughery, Sr., David R. Lovvoll , & 
Alan C. McKelvey Meredith L. McQuilkin 

Proceedings of the !EA 2000/HFES 2000 Congress, Proceedings of the HFES 40th Annual Meeting, 
4.281* 1996, 810-813 

The Effects of a Raised Label Border on 279 Influences on Ratings of Risk for Consumer Products 281 
Warning Effectiveness Measures S. David Leonard & J. Bradley Cummings 
Michael J. Kalsher, Michael B. Cote, Proceedings of the HFES 38th Annual Meeting, 
Matthew V. Champagne, & 1994, 451- 455 
Michael S. Wogalter 

Proceedings of the HFES 41st Annual Meeting, A Case Study of Using Human Factors Analyses 282 
1997, 811-815 on Warnings 

S. David Leonard & Edward W. Karnes 
High Levels of Behavioral Compliance in a 280 Proceedings of the HFES 40th Annual Meeting, 
Realistic Product Assembly Task 1996, 525-529 
Michael J. Kalsher, Jason B . Gallo , 
Kevin J. Williams, & Michael S. Wogalter Risk Perception in Young Male Drivers: What 282 

Proceedings of the !EA 2000/HFES Congress, Makes Them Different? 
4.822-4.825 Neil Lerner & Beth A. Rabinovich 

Proceedings of the HFES 41st Annual Meeting, 
The Interrelationship of Warning Variables in 280 1997, 993-997 
a Realistic Product Assembly Task 
Michael J. Kalsher, Rudy Kellner, Brandi Johnson , Responsibility for Product Safety in the 282 
N. Clayton Silver, & Michael S. Wogalter Work Environment 

Proceedings of the HFES 42nd Annual Meeting, David R. Lovvoll, Kenneth R. Laughery, Sr., 
1998, 1626* Meredith L. McQuilkin, & Michael S. Wogalter 

Proceedings of the HFES 40th Annual Meeting, 
How Do People Attribute Blame for Bums 280 1996, 814-817 
Sustained from Hot Coffee? The Role of 
Causal Attributions Human Factors in the Revised ANSI Z535.4 282 
Michael J. Kalsher, Gregory M. Phoenix, Standard for Safety Labels 
Michael S. Wogalter , & Curt C. Braun B. Jay Martin & Shelley Waters Deppa 

Proceedings of the HFES 42nd Annual Meeting, Proceedings of the HFES 41st Annual Meeting, 
1998, 651-655 1997, 821-825 

Allocation of Responsibility for Injuries from 281 Inadequate Warnings on Hardware Store 283 
a "Hidden" Hazard Solvents: The General Public Does Not 
Michael J. Kalsher, Michael S. Wogalter, & Understand the Behavior of Flammable Vapors 
Kevin J. Williams Richard L. Patten 

Proceedings of the HFES 43rd Annual Meeting, Proceedings of the HFES 39th Annual Meeting, 
1999, 598-602 1995, 934* 

* Indicates original paper is an abstract only. 



Human Factors Perspectives on Warnings, Volume 2 lX 

Allocation of Responsibility for Injuries 283 Does Culture Affect Risk Perception? 285 
Sustained from the Use of Technologically Alison G. Vredenburgh & H. Harvey Cohen 
Mediated Consumer Products Proceedings of the HFES 39th Annual Meeting, 
Gregory M. Phoenix, Michael J. Kalsher, & 1995, 1015-1019 
Matthew V. Champagne 

Proceedings of the HFES 41st Annual Meeting, Perceived Urgency in Speech Warnings 285 
1997, 400-404 B. Weedon, E. Hellier, J. Edworthy , & K. Walters 

Proceedings of the !EA 2000/HFES 2000 Congress, 
Comprehensibility of Pharmaceutical Pictorials 283 3.690-3 .693 
among People with Mental Retardation 
N. Clayton Siiver, Mitchell G. Basin, Emphasizing Nonobvious Hazards Using 285 
Care A. Sexton, & Jennifer L. Fabbi Mult iframe Pictorials and Color on Allocation 

Proceedings of the HFES 42nd Annual Meeting, of Blame 
1998, 656- 660 Kevin J. William s, Michael J. Kalsher, 

Michelle Maru , & Michael S. Wogalter 
Comprehension of Aviation Safety Pictograms: 283 Proceedings of the !EA 2000/HFES 2000 Congress, 
Gender and Prior Safety Card Reading Influences 4.124-4 .127 
N. Clayton Silver & Carla N. Perlotto 

Proceedings of the HFES 41st Annual Meeting, Effects of Warning Quality and Expert Testimony 286 
1997, 806- 810 on Allocation of Responsibility for Consumer 

Product Accidents 
Signal Words: Perceived Carefulness by the 283 Michael S. Wogalter , Kimberly A. Brantley, 
Developmentally Disabled Kenneth R. Laughery, Sr., & David R. Lovvoll 
N. Clayton Silver, Kenneth Tubilleja, & Proceedings of the HFES 42nd Annual Meeting, 
Rozana Ferrante 1998, 665- 669 

Proceedings of the HFES 39th Annual Meeting, 
1995, 440-444 Enhancing Label Readability for Over-the-Counter 286 

Pharmaceuticals by Elderly Consumers 
Posted Warnings, Compliance, and Behavioral Intent 284 Michael S. Wogalter & David A. Dietrich 
Tonya L. Smith-Jackson & Tolga Durak Proceedings of the HFES 39th Annual Meeting, 

Proceedings of the !EA 2000/HFES 2000 Congress, 1995, 143-147 
4.115 - 4.118 

Increasing the Correct Connection of 286 
Users' Hazard Perceptions of Warning 284 Automobile Battery Jumper Cables with 
Components: An Examination of Colors an Enhanced Warning 
and Symbols Michael S. Wogalter, Michael J. Kalsher, 
Tonya L. Smith-Jackson & Michael S. Wogalter Barbara L. Glover, Amy B. Magumo , 

Proceedings of the IEA/HFES 2000 Congress, Jake T. Fisher, & Dan L. Dunham 
6.55-6.58 Proceedings of the HFES 38th Annual Meeting, 

1994, 979 * 
The Influence of Pictorials on the Evaluations 284 
of Prescription Medication Instructions A Border Surrounding a Warning Sign Affects 286 
Russell J. Sojourner & Michael S. Wogalter Looking Behavior: A Field Observational Study 

Proceedings of the HFES 40th Annual Meeting, Michael S. Wogalter & Raheel Rashid 
1996, 1281 * Proceedings of the HFES 42nd Annual Meeting, 

1998, 1628* 
Over-the-Counter (OTC) Drug Labeling: 285 
Format Preferences Subject Differences in the Perception of Risk 287 
William J. Vigilante , Jr., & Michael S. Wogalter Stephen L. Young 

Proceedings of the HFES 43rd Annual Meeting, Proceedings of the HFES 40th Annual Meeting, 
1999, 103- 107 1996, 805-809 



X Human Factors Perspectives on Warnings, Volume 2 

Components of Perceived Risk: A Reconciliation 287 
of Previous Findings 
Stephen L. Young & Kenneth R. Laughery, Sr. 

Proceedings of the HFES 38th Annual Meeting, 
1994, 888 - 892 

The Development and Standardization of 287 
Warning Symbols: The Role of Design and 
Human Factors 
Hann J. Zwaga & Paul Mijksenaar 

Proceedings of the !EA 2000/HFES 2000 Congress , 
4. 782- 4. 785 

*Indi cates original paper is an abstract only. 

Bibliography 

Author Index 

Subject Index 

289 

297 

299 



Introduction 

The ultimate goal of any safety system is the prevention of accidents and injury. The often-cited safety 
hierarchy suggests that the first line of defense in such a system is safe design- where possible , products 
should be designed to reduce the risk of injury to the user. 

In many situations , potential hazards may be an inherent part of the utility of a product (e.g., a chainsaw's 
ability to cut), making it difficult or impossible to eliminate hazards entirely through design. The next line of 
defense is to guard against potential hazards by preventing the user from encountering the threat. However, it 
may not be possible to guard against some hazards , or it may not be possible to guard against particular 
hazards completely. The next line of defense , in certain situations, could include things like training and 
personal protective equipment . These methods are generally more applicable in industrial settings but can be 
a viable solution in some cases for consumer products. 

When hazards an~ not or cannot be addressed through the any of the aforementioned methods (and even in 
certain instances in which they are), warnings can be employed to inform users of potential hazards. 

Because warnings are considered the last line of defense against potential injury, they can often play a 
significant role in the safety of a product or environment. Thus , it is not surprising that warnings have 
received a great deal of attention in the research literature . Researchers from many disciplines have 
contributed to the growing body of scientific literature on warnings - a substantial portion of it from human 
factors/ergonomics (HF/E) researchers who have presented their work at Human Factors and Ergonomics 
Society annual meetings. As the warnings literature has grown, groups outside the HF/E field have become 
increasingly interested in the topic, such as professiona ls in law, manufacturing , and government, and 
practitioners and researchers in safety-related areas like communications, safety engineering , health care, 
marketing, and industrial hygiene. 

Because the HFES annual meeting proceedings have a limited reach into these areas, we collected some 
of the most-sought papers from past proceedings . The resulting publication, Human Factors Perspectives on 
Warnings: Selections from Human Factors and Ergonomics Society Annual Meetings 1980-1993 , broadened 
access to this valuable segment of the warnings literature and continues to be in demand . This second volume 
supplemen ts the first book, covering the years 1994 to 2000. It contains 59 full articles , 52 abstracts, and a 
comprehensive bibliography of almost three decades of warning research. Although Volume 2 covers only 
seven years, it contains more papers than the first book, testifying to the growth in research in this domain. 
Our aim in producing these books is to enable professionals in all areas related to warnings and safety to 
learn about the factors that are influential in the design of effective warnings. 

The papers in this second volume are drawn mainly from presentations sponsored by the HFES Safety 
Technical Group, Consumer Products Technical Group , and Forensics Professional Group. 

Content of the Book 
Although this book focuses on the warnings literature , the area is broad and is represented by a variety of 

stimuli, methods, tasks, users , and environments. The stimuli include auditory verbal warnings, signs, product 
labels, owner's manuals, instruction sheets, and pictorial symbols. The methods and tasks include ratings of 
subjective perceptions , beliefs , and motivations. The research includes techniques involving response time, 
comprehension and memory assessment, and various behavioral compliance measures concerning an 
assortment of scenarios and situations. Users include participants from such groups as university students, 
industrial workers, experts and novices , disabled individual s, young children and their parents , older adults , 
and non-English speakers . 

The data in this work have been collected in controlled laboratory environments and in field settings in 
such places as industiial complexes, automobile repair facilities , university and office buildings , and flea 
markets. Some papers deal with warning-related topics such as perceptions of risk and judgments about the 
allocation of responsibility in injury scenarios. Most of the material in the book is empirical research with 
some data collection and analysis. A much smaller proportion of the contents encompasses literature reviews 
or models and theory. Despite the wide variety of content, the common thread in all the papers is that they 
relate to the factors influencing hazard communications. 

Evaluation Process 
In the first volume, papers were selected based partly on records of the most-requested warning articles. For 

the second book, we asked reviewers to assist us in determining which articles should be rep1inted and used a 
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multistage method followed by editors of HFES annual meeting proceedings collections on other topics. Initially, 
171 papers were compiled from the 1994-1999 proceedings. From those papers, the three editors selected a more 
focused list of 88 items, which were reviewed by judges knowledgeable about warnings research. 

At about the same time that the judges were completing their ratings on the 1994-1999 papers, HFES held 
its 44th Annual Meeting, cohosted with the International Ergonomics Association (IEA) 14th Triennial 
Congress in August 2000. The proceedings from this meeting included many high-quality papers on 
warnings. As a consequence of having a rich new source of papers, we had another set of judges review 48 
papers from this group. All of the reviewers have conducted, directed, and/or authored research-related 
projects on warnings in the last 10 years. 

The judges gave an overall rating for each paper based on how well it met the following criteria: 

• focus on warnings; 
• inform about important principles and theory; 
• include empirical measurement of behavioral effectiveness or precursor processes such as attention and 

comprehension; 
• remain current in the near future; 
• benefit purchasers and readers; 
• be helpful to persons producing guidelines, standards, and regulations; 
• be useful to attorneys and expert witnesses involved in litigation; 
• be of high quality; 
• represent HFES well. 

The full articles in this book are those that the reviewers and editors believed most strongly should be 
included. The abstracts section, which is derived from both full papers and abstracts of poster presentations, 
contains only abstracts that substantively describe research. Note that some abstracts and bibliographic entries 
are included in these sections because of length constraints or because they were Jess central to the main focus, 
not because they represent "second-class" work. Examples of topics that received somewhat lower priority 
concerned nonverbal auditory sounds, simple labels on machine controls and displays, and highway signage. 

To make this volume an even more useful reference source, we have expanded the bibliography to include 
all full articles and abstracts related to warnings that were published in the HFES annual meeting proceedings 
since 1973. 

How to Use This Book 
There are three ways to locate information in this collection. Full papers appear first, in alphabetical order 

by primary author. Abstracts follow this section and are also presented in alphabetical order by first author. 
The author and subject indexes identify all authors and the major concepts addressed in the full papers and 
abstracts. The bibliographic entries are listed alphabetically by primary author and are not indexed. 

Acknowledgments 
We thank the following individuals , who served as reviewers: 

Curt Braun 
Tonya Smith-Jackson 
Michael Kalsher 
Mark Lehto 
S. David Leonard 

Stuart 0 . Parsons 
Marc Resnick 
Wendy Rogers 
Mark Sanders 
Allison Vredenburgh 

We also thank Lois Smith and Lynn Strother at the HFES central office, and the HFES Executive Council, 
which supported and approved the book. 

We hope that this collection, along with the first volume (Laughery, Wogalter, & Young, 1994), will 
occupy an important place in your safety library for many years to come. 

xii 

Mike Wogalter 
Steve Young 

Ken Laughery 
May 2001 


