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Abstract 

Dur ing the past two decades. the body of empirica l researc h on warni ng design and evaluatio n has grown. Consequently, there a re 
now basic princip les and guideline s addressing warn ing design (e.g., signal words, color, symbols, and text/co nten t), placement (e.g., 
location within product ins truction s), and how to enhance the usability of designs by considering factors in terna l to the user 
(e.g., beliefs, perceptio ns of risk, stress). Similar ly, eva lua tion methods have been deve loped that can be used to measure the 
effectiveness of warning s such as the degre e to which warnings are communicated to recipients and the degree to which they 
encourag e or influence behaviora l comp liance. An overview of the empiri ca l literat ure on warning guidelines and evaluation 
approa ches is pro vided. Researc her s, practition ers, and manufacturers can use these guidelines in various contex ts to reduce the 
likelihood that injur y and product damage from exposure lo a hazard will occur. <D 2002 Publ ished by Elsevier Science Ltd. 
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1. Introduction 

The design and eva luat ion of warning s has received 
considerable attention by human factor s/ergonomics 
researchers over the pa st two decades. Research art icles 
hav e been publi shed exam ining various aspec ts of 
warning design an d how they affect subjective eva lua
tion s, memor y, com prehension , and beh avioral comp li
ance. The purpo se of this a rticle is to pro vide a review of 
the guidelines for warning design and eva luation based 
on empirical research. First , some of the design , 
environm enta l, and perso nal facto rs that influence 
warning effecti veness will be pre sented along with basic 
guidelin es for designing effective warning s. Next, the 
factors tha t influence risk perception will be briefly 
discussed. Finally , som e of th e factors that need to be 
considered when evaluatin g warnings will be addressed. 

When applied to warnings , design should be viewed as 
an activ ity that is initi ated by requ irements gat hered 
from users . Severa l "user group s" mu st be considered 
when designing warni ngs. These groups a re: ( l) end 
users , who are the focus of loss prevent ion or loss 
contro l effo rts (i.e., employees in an occ upat ional setting 
and consumers) ; (2) organizations , who will depl oy the 
warnings and provide the conte xt of use; and (3) product 
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manufa cturer s, who develop the produ cts to which 
warnin g labels will be appli ed and who receive 
component materials from other entitie s. Th ere fore, a 
system s app roach to warnings desig n, or one that 
conside rs the enti re contex t, is essent ial. Each user 
gro up int roduce s design requi rements and constrain ts 
that mu st be cons idered when developin g effective risk 
communi cations. 

H ow do we know that a particular warning design is 
effectiv e? Wa rning effectiveness involves a complex set 
of issues. A primary ap pro ach is to eva luate or test the 
desig n. Evaluation is the activ ity used to determine the 
degree to which the warning accomplish es its intended 
effec ts (e.g., com muni ca tion of risks, behav ioral com 
pliance). Very little researc h has been condu cted 
co mparing diff erent meth ods of eva lua t ion, desp ite the 
fact that studi es often va ry in the kind s of effective ness 
mea sures employed (subjective j udgme nts, recall or 
risks). Instead, research has mainly focuse d on the 
effec ts of design changes. For instance, some research 
focuses on non- text rela ted design aspects of warn ings, 
such as color of the design or pictoria ls, whereas other 
research seeks to assist in the design of meaningful 
warnin gs, suc h as the choice of signal wo rds or the 
phra sing to convey consequences. 

Laughery and Wo galte r (1997) describe a syste ms
oriented model or framewo rk of risk communi ca tion 
that highlight s the relatio nship s between manufa cturers, 
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employers, and end users, giving specia l emphasis to the 
importanc e of communication feedback loops . A sche
matic representation of the model is shown in Fig. I. 
Laughery and Wogalter (1997) view warnings as a 
subsystem functioning within a larger communication 
system that includes the manufacturer, distributor, 
employer, and end-user as additional subsystems. These 
subsystems introduce varying requi rement s and con
straints that should be applied to produce an overall 
warnin g design that fits the needs of users within a 
context of use, which may involve , for example, an 
ant icipated environment or use of equip ment. 

In addition to the Laughery and Wogalter (1997) 
model , the literature on warning design and evaluation 
contains a number of theoretical models that have been 
proposed to explain how individuals perceive risk and 
how these perceptions influence warn ing effectiveness. 
Some models have orig inated from the risk analysis 
literature, including theoretical models based upon 
expectancy value theo ry and risk-return models (Deloy , 
1999; Weber and Hsee, 1998 , 1999). These models have 
also been used to explain cultural differences in risk 
perception. Ot her mode ls are based in social psychol
ogy, and have been app lied in a number of ways to 
design risk communicat ions to increase behavioral 
compl iance (Ajzen and Fishbein , 1980; Bright et al. , 
1993; Stevens, 2000). 

In order to make decision s with respect to warning s 
(e.g., the level of risk involved, whether to comply) , 
there is at least some involvement of perceptu al and 
cogn itive processes. In recent years, researchers have 
begun to give more attention to human information 
processing models. The utility of these models lies in the 
capability of integration with social theorie s, producing 
socia l-cogni tive mode ls that are more useful in capturing 
the communication and informa tion processing compo
nents that are specific to the risk commu nication 
proces s. Three such model s, referred to as hum an 
information processing models , were proposed by 
Wogalter and Laughery ( 1997), Trumbo (1999), and 

Safety Info. Distributor 

Wogalter et a l. (1999a, b). Wogalter et al. (1999a, b) 
expanded the human information processing model by 
introducing the Communication-Human Information 
Pro cessing Model (C-H JP). A schematic represen ta tion 
of the C-HIP model is shown in Fig. 2. Thi s model takes 
into account communication components such as the 
source of the information , the channel used to deliver 
the comm unicatio n, and receiver characteristics. With 
this revision , the new model more effectively accounts 
for socia l-cogniti ve components such as attitudes and 
beliefs about the information source (e.g. , source 
credibility). Th e new model also accou nts for cogn i
tive-affective processes such as attitudes and motivat ion 
that are influenced by past experience as well as 
char acteristic s of the source and the channel. 

Future models describi ng warning process ing will 
likely integrate aspects related to oth er outside sources 

Source 

Behavior 

Fig . 2. Commun icat ion-human infonrn1tion pr ocessing (C-HI P) mod
el. (Wogalt er et al. . 1999b) . 

Safety Info. 

Em ployer 

Safety Information 

Feedback 

Fig . I. Compl ex communi ca t ion model demon stratin g th e vari ous user grou ps a nd th eir int erde pendenc ies (Laughery a nd Wogalter , 1997). 
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and environmental context to gain a holistic or system
based view. This approach would have to be combined 
with model validation and revision based on evaluation 
within the context of use. 

2. Guidelines for warning design 

2.1. Salience 

Getting noticed and attended to are the first require
ments of an effective warning. Noticeability, which is 
sometim es referred to as conspicuity , is often used to 
describe the extent to which the design of a warning will 
gain or attract attention against a field of competing 
visual stimu li. Therefore, to have high noticeability , it is 
essential that a warning be as salient (e.g., sta nd out , be 
prominent, or conspic uou s) as possible to capture the 
at tention of individuals who might be focused on some 
other task. Research has shown that salient or 
conspicuo us warnings increase the likelihood of reading 
(Strawbridge, 1986), comprehension (Young and Wo
galte r, 1990), reca ll (Barlow and Wogalter, 1991; Glove r 
and Wogalter , 1997; Griffith and Leonard , 1995), and 
compliance (Hopkins et al., I 997). Th e salience of a 
visual warning can be enhanced using ( I) large , bold 
print , (2) high contrast, (3) color, (4) border s, (5) 
pictorial symbols, and (6) special effects like flashing 
lights. 

Bold type is preferred because of its greater contrast 
with mo st backgrounds, however the stroke width must 
not be so wide that features of individu al letter s are 
obscured (e.g., Sanders and McCormick , I 993). Addin g 
color to a warn ing can increa se its abil ity to attract 
atte ntion (Gill et al. , I 987) provided that the warning 
color is distinguishable from background and surround
ing colors. Kline et al. ( 1993) found that colored 
warning labels were perceived as more readabl e and 
hazardous than achromatic labe ls. Warning s printed in 
red (compared to black) led to impro ved noticeabili ty 
(Braun et al., 1994; Young , 1991). Wogalter and Ra shid 
( 1998) found that warning signs with thick, colorfu l 
border s were more likely to attract attention (deter 
mined by lookin g behavior of passers-by) compared to 
similar signs with thin or no borders. Warnin gs with text 
and pictorial symbols are more likely to att ract attention 
(Kalsher et al., 1996; Lau ghery and Young , 199 1; 
Sojourner and Wogalter , 1998). 

Salience can also be enhan ced throu gh interaction 
with the warning. Raised borders providing tactual cues 
have also been shown to increase perceived warning 
noticeability (Kals her et al., 1997). Loca ting warning s 
such that physical manipul ation of the warni ng is 
requir ed for product use has been shown to result in 
greater noticeability, recall and comp liance (Dingus 
et al. , 1993; Duffy et al., 1993). However , knowled ge of 

task behavior is crucial to design interactive warnings, 
so behavioral and cognit ive task analyses should be 
conducted (Frantz and Rhoade s, 1993). A behavioral 
task analysi s involves breaking down the task into 
component task elements, activities, and sequen ces. A 
cognit ive task ana lysis involves breakin g down the 
men ta I processes into components such as decision 
points and informat ion that mu st be recalled. 

2.2. Wording 

An effective warning con sists of four message 
components (e.g., Woga lter et al., 1987a, b), each of 
which serves a different purpo se: (I) signal word to 
attract attention, (2) identification of the hazard, (3) 
explanatio n of consequences if exposed to haza rd , (4) 
direct ives for avo iding the ha zard. First, a warning 
should contain a signa l word to attract atte ntion to the 
warning and indicate the level of haza rd present. A 
number of studies have examined the und ers tandabilit y 
and haza rd perception s associat ed with signal words. 
The four most common signal words (and those 
recommended for use by the American Nationa l 
Standard s Institute (ANS I, 1998) Z535 Standards on 
Safety Signs and Co lors) are DANGER, WARNING , 
CAUT ION , and NOTICE. With few exceptions (e.g., 
Leonard et a l., 1986), signal word research has 
consistently shown that DANGER connotes the great 
est degree of hazard and NOTICE the least. The 
perceived distinction between the intermediate terms 
WARNING and CAUTION is less clear (Braun and 
Silver, 1995a; Chapan is, 1994; Drake et al., 1996; 
Leo nard et al., 1988; Silver and Wogalter , 1989; Silver 
et al., 1993; Wogalter et al., 1992, 1994, 1995). Research 
indicate s that the presence of a signal word in warn ings 
increases its effectiveness (Wogalter et a l., 1985a, b; 
Young et al. , 1995) and the level of perceived hazard 
(Wogalter et al., 1992, 1994). 

A second warni ng compone nt shou ld describe the 
nature of the hazard present in the situation. The hazard 
descriptio n should be specific and complete. For 
example , it might involve an explanat ion or descripti on 
of the mechanisms involved so that people will under
stand the natur e of the hazard. At the same time , the 
hazard descripti on shou ld not be so lengthy that few 
people will take the time and effort to read it. Therefo re, 
ther e is a need to balance completeness and brevity . 

Third , a warning should describe the possible 
conseque nces of no n-comp liance . A specific description 
of the mechani sm of injury provid es more information 
and informs individuals why it is important that they 
comply. Th e list of consequences should be explicit and 
should map to the hazard descrip tions. For examp le, a 
chemical hazard s warning could explicitly state that 
"Severe lung injury ca n result" as opposed to stating the 
consequence non-explicitly (e.g., "You cou ld be in-
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jured"). More explicit warnings have been associated 
with greater levels of perceived dangerousness, hazard 
understanding, percei ved injur y severity, intent to act 
cautiously, manufacturer 's concern , and protective 
equipment use (Braun et al. , 1995; Dingu s et al , 1993; 
Laughery and Brelsford, 1991; Laughery and Stanush , 
1989; Laughery et al. , 1993; Young and Wogalter, 
1998). 

Finally , the warning should offer directives or 
instructions on how to avoid the hazard. It , too , should 
be explicit. For examp le, a warning should state the type 
of protective equipment to be worn to avoid injur y to 
lungs , rather than provide a vague reference to personal 
protective equipment. Ha zard avoidance instruct ions 
should describe specific actions that need to be taken ( or 
avoided) by the warning recipient for safe behavior. 

If one part of a warning conveys information relevant 
to another part (e.g. , if the consequences of the hazard 
are obvious by the statement that identifies the hazard 
or is communicated by a pictorial symbol), then the 
consequence information need not be communicated as 
a separate sta temen t. This rule of thumb is also true of 
hazard descriptions and instructions , that is, there is no 
need to give a separa te statement for a component 
message if the other components of the warning make 
the information obvious. 

2.3. Layout and placement 

The layout of a printed warning also influences 
effectiveness. Layout is used to describe the internal 
characteristics of a warning label. Presenting warning 
text as bullets in outline form is preferred to continuou s 
flowing text. Warnin gs in outline form are judged as 
mor e appealing , easie r to process , and more effective 
than other layouts (Hartley , 1994; Wogalter and Shaver , 
2001). Compared to paragraph layou ts, outline format s 
maintain attention longer and produce greater compli
ance (Desaulniers, 1987). Figs. 3 and 4 show a par a
graph and list format from a Wogalter and Shaver 
(200 I) study of warning design to communicate risks 
that may result in Toxic Shock Syndrome. In this study , 
a list format resulted in less searc h time, compared to a 
paragraph format. Alternative label designs have also 
been investigated. Researchers have found that tags and 
fold-outs were preferred over traditional label s for 
pharmaceutical container s (Kalsher et al. 1994; Wogal
ter and Young, 1994). 

Placement or location relates to where the warning 
will be embedded within a con text of use. The prop er 
placement of a warning depend s on the nature of the 
task being performed as well as the task environment. A 
well-designed warning will be of little use if the user doe s 
not encounter it in the task environment. For example , 
the placement of a warning within a task setting will 
increase or decrease the likelihood that it is noticed and 

Primary symptoms of TSS are sudden high fever (usually 
102° or more), and vomiting, diarrhea, fainting, or near 
fainting when standing up, dizziness or rash that looks 
like a sunburn. There may also be other symptoms of 
TSS such as aching of muscles and join ts, redness of the 
eyes, sore throat and weakness. Jf you have sudden high 
fever and one or more of the other symptoms, remove 
your diaphragm and consult your physician immediately. 
Women with a known or suspected history ofTSS should 
not use the diaphragm. 

Fig. 3. TSS symptom s in paragraph format (Wogalter and Shaver, 
2001). 

Primary symptoms ofTSS are sudden high fever (usually 
I 02° or more) , and one or more of the followin g: 
• vomiting 
• diarrhea 
• fainting , or near fainting when stand ing up 
• dizz iness 
• rash that look s like a sunburn 
• aching o f muscle s and joint s 
• redness of the eyes 
• sore throat 
• weakness 
If you have sudden high fever and one or more of the other 
symptom s, remov e your diaphra gm and consult your physician 
immediately. Women with a known or suspected histo ry 
ofTSS shou ld not use the diaphragm . 

Fig. 4. TSS symptoms in list format (Wogalter and Shaver , 2001). 

compreh ended. Warnin gs are most effective when they 
are presented proxima te (in time and space) to the 
haza rd . Frantz et al. (2000) found that 98% of 
participant s noticed a warning that was located on the 
physical object associated with the task (in their case, a 
file cabi net). The placement of warnings included with 
produ ct instruct ions has been shown to influence their 
effectiveness , but resea rch findings are equivocal. Some 
research indicates that warnings shou ld be placed before 
the instructions (Wogalter et al. , 1985a, 1987b), while 
other research indicates that warnings should be 
embedded within the instruction s (Fran tz, 1993, 1994; 
Frantz et al., 1993). 

The amount of visual clutter in the vicinity of a 
warni ng significantly influences warning detection times 
(Godfrey et al., 1991; Wogalter et al., 1993). Godfrey 
et al. found that warnings placed on the front label of a 
bottl e printed horizontally were found more quickly 
than any other po sition . One possible way of reducing 
visua l clutter on produ ct labels is to increase the surface 
area of the labe l by using extended tags (which alters the 
layout of the warning). Wogalter and colleagues ( 1994, 
1996) found that the use of such supplemental label s 
increased the salience of the warning relative to a 
traditional container label. 
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2.4. Pictorial symbols 

As noted earlier , includ ing pictori al symbols in 
warn ings increases their salience an d likelihood of being 
noticed . The presence of pictori als has also been shown 
to enhance memory of a warning (Young and Wogalter , 
1988). A warning must first be legible (early stage of 
information processing) before it can be comprehended 
(later stage of information processing). Legibility refers 
to the degree of initial clarity of the warning. Thus, 
legibility is based on size of the pictorial and is affected 
by the distance from which it will be viewed. Environ 
mental conditions such as sun light, humidity, tempera
ture, or the presence of certain chemical subst ances, can 
erode the legibility of a warning over time. The legibility 
issue is of particular concern for older recipients whose 
eyesight may be deteriorating and in enviro nments 
where vision is obscured (by smoke or fog). Pictorials 
are most effective when they communicate simple , 
concrete concepts, and are less effective at representing 
abstract concepts (Murray et al. , 1998). When designing 
pictorials, one needs to include enough detail to convey 
meaning without providing so much detail that legibility 
and comprehension are reduced. Pictorials and text 
sho uld a lways be tested before they are used . 

Another important function of pictorials is to 
facilitate warning compre hension (D ewar, 1999). Com 
prehen sion is the degree to which the recipient under
stan ds the warning, based upon the intended meaning 
the warning is designed to convey. Both the ISO 3641-l 
(Organization of Int ernat ional Standards, 1988) Stan
dard and the ANSI Z535 Standard have established 
minimum acceptable levels of compr ehen sion by the 
general population (67% and 85%, respectively). The 
comprehensibility of a warning is especially important 
for audienc es who cannot read (e.g., children and 
illiterates) or who might not understand the language 
used in the wording of the warning. The presence of 

pictorials has been found to enhance memory of a 
warning (Young and Wog alter , 1988). 

Examples of a warning format recommended in 
design guidelines in the United State s are shown in 
Fig. 5. 

2.5. Auditory warnings 

Technology has enab led the production and use of 
inexpensive digital voice chips (e.g., those found in 
answering machines) that can be coupled with senso r 
techno logies such as motion detect ors to present 
auditory warnings. Auditory warnings offer advantages 
over visual warnings in certain situations and environ
ments because of their generally omnid irect iona l natur e 
and ability to attract atte ntion . Auditory warning s may 
be used when the visual enviro nment is highly cluttered 
and when the message is relatively short and simple . 
They can be used to call attention to the need to examine 
a visual warning for more inform ation . Audito ry 
warnings may take severa l forms: simple or complex 
tones , auditory icons, and speech (verbal) warnings. 
Non-verbal auditory warnings can be made more urgent 
by changing the physical characteristics (pitch , fre
quency, pulse rate) of the so und. 

Using a parking aid system that alerts drivers who are 
traveling in reverse, Zobel (1998) found that a warning 
tone frequency of750 - 1000Hz with a pulse rate greater 
than 6 Hz is perceived to be more urgent than a similar 
tone with a pulse rate <6 Hz. In a simulat ed driving 
task using both front-to-rear and side collision scenar
ios, a tire skid sound and a long horn honk result ed in 
impro ved dr iver performance over multi-tone or fre
quency-modulated auditory warnings (Belz et al., 1998). 
Haas and Casali (1995) found that mor e urgen t auditory 
warning signals produced faster respon se times. While 
the meaning of non -verbal auditory warnings must be 
learned , voice warnings can make use of existing 

A.WARNING 

Do not touch 
surface of hot 
tank. 

Lock out power 
before removing 
guard. 

Fig . 5. Repre senta tive warning designs used in the United State s (Wogaltc r ct al., 1999b). 
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knowledge. The presence of a voice warning produced a 
strong and reliable increase in compliance compared to 
conditions without a voice warning (Wogalter et al., 
1991). In addition, the characteristics of the warning 
message (i.e., frequency, rep etit ion , vatiability, gender of 
voice, and rate) can affect perceived urgency (Barzegar 
and Wogalter , 1998, 2000; Edworthy and Hellier , 2000; 
Hollander and Wogalter , 2000). One caveat associated 
with the use of auditory warnings is that their attention 
gra bbin g ability can lead to ann oya nce, pa rticu larly if 
there is a high incidence of false alarms. In additio n, 
auditory warnings may not be app ropri ate if their 
addition to existing noi se causes noise annoyance or 
interferes with cr itical comm unications . 

2.6. Personal factors 

A number of personal factors (i.e. , those not related 
to the design of the warning or the environment in wh ich 
it is placed) also influen ce warning effective ness. These 
include demographic variables such as age, gender, 
cultural background, product or task fami liar ity and 
tra inin g, and indi vidual differences. Co nzola and Klein 
(I 998) found that individu als with a higher need for 
cognition , based on scores from the Need fo r Cognition 
(NFC) Scale (Cacioppo and Petty , 1982), judged 
warnings to be more important compared to individual s 
low in the need for cognition. Oth er studi es by 
Haugt vedt and Pett y (1992) have show n that individual s 
high in NFC are more resistant to attitude change. 
Attention has also been focused on high hazard 
perceivers, which is believed to be a trait reflecting a 
tendency to perceive hazards in the environment 
(Hellesoy et a l., 1998) and on social responsibility, 
which is thought to lead to a higher likelihood of 
obeying rules and warnings (Gramann et al., 1995). In 
genera l, warnings are more likely to be noticed and read 
if they are particularly relevant to a specific group or 
individual. For example , alcoh olic beverage warning 
label s were more likely to be noticed by heavy drinkers, 
young men , and women of childbe a ring age (Kaskutas 
and Greenfield, 1991). Wogalter et al. (1994) found that 
warnings containing a direct reference to the individual 
(using the participant's name) Jed to higher compliance 
compared to a warn ing containing no reference to the 
individual. 

2.6. 1. Demographic variables 
Age: As people age certai n physical and cog111tJve 

cha nges occur that could influence the abi lity of older 
individuals to perceive and proc ess warning informa
tion. Print must be large enough to be viewed by older 
users. To accommodate the enlarged print , alternatives 
such as fold-outs (Morrell et al. , 1990; Vigilante and 
Wogalter, 1999) and clearer layout s using spacing or 
bullets (Hartley, 1994) can be used. Th e legibility of 

printed warnings become s especially important for older 
individu als whose visual acu ity has decreased . Wogalter 
and Dietrich (1995) found that for pharmaceutical 
container caps, elders from a retirement commun ity 
preferred cap labeling and a distinctive florescent green 
background color. In addition, making use of extended 
surfa ce areas on medication containers to print im
portant information in a more notic eab le an d legible 
format benefits the eider 's knowledge about the proper 
use and hazard s associated with a medication (Wogalter 
et al., 1996). With age, short-term memory capacity 
decreases (Light and LaVoie, 1993; Salthouse , 1990). 
Therefore, warnings intended for older adults shou ld be 
kept as brief and direct as pos sible. Bruyas ( 1997) found 
that older persons encounter some difficultie s in estab 
lishing links between symbol s and tend to focus on 
elements other than those used by younger subjects. 
Warning designer s need to cons ider these facto rs when 
the recipients of a warning are likely to include older 
individuals. 

Culture/ethnicity: As cultures around the world 
become increa singly diverse, it becomes increasingly 
impor ta nt to effectively communicate safety informa
tion to peoples of different langu ages and cultures. 
Warnings (especially those found in public environ
ments like airports and train stations) should use 
language independent picto rials and symbo ls whenever 
possible. Further studies mu st be pursued to develop 
and validate pictorials , icons , and symbo ls that are less 
culture-dependent. Designers must be aware of inter 
cultura l differences (due to the broadening of interna
tional trade) and intracult ural differences (subcultures 
within a dominant culture) and shou ld display caution 
when designing warnings for co ntext s consisting of a 
variety of cultures (Smith-Jackson and Wogalter, 2000). 

Research has show n that English signa l words are not 
well understood by Spanish speak ing people (Wogalte r 
et al., 1997) and that symbo ls developed in the Nether
lands were less well compre hended in other European 
countries (Trommelen and Akerboom , 1997). In addi
tion, some differences in the hazard connotations of 
colors and symbo ls have been found between Spanish 
speaking people and Engl ish speaking people (Smith
Jackson and Wogalter, 2000). Because warning compo
nents that are effective in one cultur e may not be 
effective in others, it is important to do cross-cultural 
testing of warnings whenever appropriate and possible. 

Gender: Most research has failed to find or report 
gende r differences on warning related measures. The few 
studies that do report significant gender differences 
indi cate that females are more likely to read, comply 
with, and find importance in warning information 
(Godfrey et al., 1983; LaRue and Cohen , l 987; 
Vredenburgh and Cohen, 1993). In addition, researchers 
have found differences in risk perception betw een 
genders, with most studies sup porting higher risk 
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perception among females compared to males (Fischer 
et al., 1991; Flynn et al., 1994), but spec ific application 
to the design or re-design of warning components is not 
yet understood. In general, gender factors are not 
relevant to warnings unless the warning is more relevant 
to one gender versus the other as in warni ngs for gender
specific products like feminine hygiene products (Young 
et al., 1989). 

2.6.2. Familiarity and training 
Familiarity reflects an individu al's beliefs, knowl edge, 

and experience in a specific domain. Jn general, 
fam iliarity varies inversely with warning detection 
(Goldhaber and deTurck , 1988a, b), perceived hazard 
(Godfrey et al., 1983), perceived risk (Karnes et al. , 
1986), and comp liance likelihood (Goldhaber and 
deTu rck, 1988a, b). People are more likely to notice a 
warning the first time that they use the product than if 
they switch to a similar product (Godfrey and Laughery, 
1984). Safety messages in fami liar situation s on familiar 
products are less likely to be given attention (Nikmorad , 
1985; Otsubo, 1988; Purswell et al., 1986). Prior injury 
experi ences may mediate these effects. Martin and 
Wogalt er (1989) found that people who had been 
injured or had know ledge of other s who had been 
injured while using a consumer product reported higher 
precautionary int ent than those without such experi
ence . 

Famil iarity is also an import ant factor in warning 
habituation. The more often a warning is encounter ed, 
the less likely the person will not ice it on subsequent 
encounters. While a warning may not be given primary 
conscious attention in a familiar con text, the warning 
can stiJI cue Jong-term memory information, and thus, 
facilitate transfer to working memo ry resulting in 
conscious aware ness of the potential hazards. One 
method that has been used to dampen the negative 
effects of habituation is to change the content or 
appearance of a warning to red uce redundancy effects. 
If multiple warnings are pre sented on a rotating basis, 
individuals will be exposed to a specific warning 
stimulu s less frequently and habituation is less likely 
to occur. Wogalter and Brelsford (1994) rotated warn 
ings on alcohol beverage labels resulting in a significant 
increase in knowledge of haz ards, compared to haza rd 
knowledge from presenta tion of a single label design. 

Like man y other behaviors , behavioral responses to 
warn ings can be trai ned using strategies such as 
modeling, laws and regulations, or emplo yee education 
effor ts (Geller, 1998). For example, power plant 
operators are train ed how to respond to various 
warnings that indicate that a plant system is operating 
out of the desired range. Training is especia lly important 
when an immediate or complex response to a warning 
stimu lus is required. In such situations it might be 
difficult , if not impossib le, for an indiv idual to 

comprehend what actions need to be taken based solely 
on the limited information presented in a warning. The 
power plant operator should be trained ho w to respond 
to the various warning ala rms he/she may encounter 
without having to look for instructions in a procedure 
manual. 

It is not feasible to design a warning for every 
individual difference or personal characteristic, how
ever, when testing a warning it is feasible to include a 
representative sample of the target population to which 
the warning will apply. Guidelines for warning design 
and measures of warning effectiveness should be based 
on studies that include a variety of appropriate 
population samp les (Cox IIT et al., 1997; Wogalter 
et al., 1987b) . 

3. Guidelines for evaluation of warnings 

3.1. Evaluation processes 

Very few warnings in the "rea l wor ld" have actually 
been evaluated or tested for efficacy. To determine 
whether a warni ng is "wo rking", one must use a 
systematic evalua tion process. Evaluat ion processes fall 
into two main catego ries, formative and summative 
evaluation. 

3.1.1. Formati ve evaluation 
Form ative eva luatio n occurs while the warning is 

being designed (simi lar to usability researc h in human 
computer interaction). Using this ap proach, design and 
eva luati on occur in parallel. For instance, design mock 
ups can be tested on pa rticipa nts representing the target 
group, and then altered on the basi s of feedback or 
results of cr iterion measures. This approach supports 
iterative design of warnings, such that the warn ing can 
be changed repeatedly throughout the process, until a 
final iteration is agreed upon. Th e advantage of 
formative eva luation is the ease of identifying problems 
early in the design cycle. When to cease formative 
evalua tion is likely based upon a number of considera 
tions , including cost, crit ica lity of the warning system, 
and information gain from each eva luation. 

3.1.2. Summative evaluation 
Another approach is summative evaluatio n. Summa

tive eval uat ion involves testing the final warni ng labe l 
(s), after all design activities have been completed. 
Summative evaluation can be the sole approac h to 
evaluation , or it can be combined with format ive 
evaluat ion. In summative evaluation, the final product 
must be "re leased" into the context of use, and then 
crite rion measures can be gathered from part icipants 
over a period of time deemed approp ria te for that 
particular warning. Since summat ive eval uation requires 
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a completed design and testing withi n the real-world 
context , it may, at times, be more costly than formative 
evaluation. In addition , problems discovered from 
summat ive evalua tion may lead to costly changes that 
may have been eas ier to fix during the ea rly design and 
developm ent stages. 

3.2. Measurement considerations 

Regardless of p rocess , any decision to eva luate a 
warning mu st include ca refu l selection of criter ia to be 
used to draw infe rences regard ing warning effectiveness. 
Th ese criteria should ma tch the intentions of the 
warning designers. Idea lly, all warnings should be 
developed and tested by mea su ring the criterion of 
behavioral compl ian ce in real wo rld enviro nm ents. 
Unfortunately, it is not always possible to measure 
complia nce. The cos ts and risks associated with 
compliance stud ies preclude their use in many, if not 
most, sit uat ions. Some researchers have used behavioral 
intent as a substitute measure of behav ioral comp liance, 
ba sing their assu mpti ons on the empiri cal literature 
from such researc hers as Bright et al. (I 993), Doll and 
Orth (1993), Ellis and Arieli (1999), and Vallerand et al. 
(1992) . Studies have measured behavioral inten t through 
direct interr ogat ion of participant s abou t intent to act or 
behave or by having participants rate their likelihood of 
behaving or acting in a specific manner. 

If measuring compliance is not possible , the best 
strategy for evaluating warning effect iveness is to use a 
numb er of different measures tha t may co nverge on the 
same or similar results (triangulation), but this ca n be 
costly to implem ent. It is also imp ortant to cons ider the 
context of evaluat ion. For example, results may diff er 
when testing pictorials in the actual context of use versus 
presenting the pictorial without env iron mental cues 
(Wolff and Wogalter, 1998). The goal of much warning 
researc h is to identify and improve those featu res of 
warning s tha t facilitate processing of warning in forma 
tion so that the likelihood of compliance is increased. 

3.2.1. Subjective measures 
In most wa rnin g st udies multiple subjective mea sures 

of warning effectiveness are empl oyed (Young and 
Lo vvoll, 1999). Pa rticipants typically rate warnings 
along severa l dimensions using Likert -type sca les. 
Me asures of not iceabili ty, react ion time, comprehen 
sion, recall and knowledge have been used to assess 
warning effec tiveness. In addition , subjective ratings of 
haza rd ousness, perceived urg ency, and risk, as well as 
likelihood of injury, likel ihood of compliance, and 
imp ort ance are often used. Strong positiv e correla tions 
ha ve been found am ong ratings of product hazardou s
ness, likelihood of inj ury, severity of injury , likelihood 
of comp liance, and carefulnes s (Drak e et al., I 998) 
indi cating that they are measuring a sing le construct, 

which might be referred to as inju ry potential. Some of 
the design featur es that have been foun d to increase 
hazard ratings include larger print (Adams and 
Edworthy, 1995; Braun and Silver , 1995b), the use of 
color (especially red), and various bo rder shapes such as 
triangles , diamonds and octagons (Cochran et al., 1981; 
Collins, 1983; Riley et al., 1982). In addition, the sou rce 
attributed to warning information ha s been shown to 
influence its hazard ratings and believabi lity (Resn ick, 
1998; Wo ga lter et al., 1999a, b). 

Other method s to ga in subjective reports can include 
pai red comparisons of design alternatives followed by 
ratings of var ious dimensions such as likelihood of 
co mpliance or criteria re la ted to usability, such as 
comprehensibility, not iceability, coherence , or legibility 
(Young and Lovvoll, 1999) . This will help designers to 
determine the most effective warning from a collect ion 
of design alternatives. Participants can also rank des ign 
alternatives on the basis of dimens ions ment ioned 
above, or dimensions that are self-selected as important 
( open -ran king or sor ting method). Allowing an open 
ranking or sort ing activ ity helps the des igner determine 
which criteria are most important to the user. This 
method must be followed by an interv iew to clarify the 
dimens ions that were important to each part icipant. 

3.2.2. Objective measures 
Objective measures involve assess ing the user's 

performance to determine warning effectiveness. Objec
tive measures tradit iona lly used in warnings evaluations 
are observat ion and measureme nt of reca ll. Observation 
in a pseudo -realistic or contrived situatio n can be used 
to identify compl iance beha viors and to understand how 
a warning is processed by the user. For example, a 
checklist can be developed so that an observer can check 
off behaviors that are consiste nt with compliance within 
a task scenar io. Partic ipant s can a lso be asked to think 
out loud when completing the task an d using the 
warning labe l. This ap proach , known as a verbal 
protocol (Ericsson an d Simon, 1980) provides addit ional 
data on the pa rtic ipant's awareness and comprehensio n 
of a warning. Verba l pr otocols can be conducting 
concurrent ly with the task, or retrospectively (afte r the 
task has been completed). 

Alternatively, a large body of warn ing research is 
based on measures of the intermediate processes 
conce rned with the stages of the information-processing 
model (e.g .. atte ntion) , which occu r prior to behavioral 
compl ian ce. A measure of the user's inc idental recall 
accuracy (reca ll after one expos ure followed by a "pop" 
quiz) provides a measure of the extent to which the 
warning commu nicated the risk information and mimics 
real-wor ld exposure scenarios. A warning's ability to 
facilitate recall is important, because warn ing informa
tion might not always be available when haza rds 
are enco unter ed . Wogalter et al. (1991) found that 
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compliance behavior was significantly related to mem 
ory of a warning. Factors that aid in the recall of safety 
information include repetition (Wogalter and Brelsford, 
1994), warning relevance (Ga rdner-Bonneau et al., 
1989), pictorials (Young, 1988; Young and Wogalter, 
1990), and the presence of injury stat istics (Conzola and 
Wogalter, 1998). 

4. Final note 

Thi s article reviewed pertinent literatur e on the design 
and evaluation of warnings. Developer s are reminded to 
use a holisti c developm ent framework (system ap 
proach) and to consider the context in which the 
warni ng will be embedded, its design and placement , 
and the demographic s of the ta rget user group. Use of 
formative and summ ative evaluation within a system 
framework will support a cost-effective. user-center ed 
approach to the design of warnings. 
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