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Must the Context Be Considered When Applying
Generic Safety Symbols: A Case Study in
Flammable Contact Adhesives

]J. Paul Frantz, James M. Miller, and Mark R. Lehto

Several household fires have occurred in the United States and Canada
when flammable contact adhesive vapors were ignited by nearby pilot lights.
While the Consumer Product Safety Commission banned the sale of extremely
flammable adhesives in the U.S,, its Canadian counterparts have focused more
attention on product labeling. This field experiment examined the impact of
the flame and poison warning symbols prescribed by the Canadian
Government for a flammable adhesive. The results suggest that although the
generic meanings of these two symbols are well understood, people have
difficulty inferring the specific safety precautions most necessary for this
particular product, apparently because they do not realize that adhesive
vapors, rather than the adhesive itself, pose the fire hazard. Users also tended
to overestimate the significance of the toxicity hazard. This incorrect
assessment was corrected for a subset of subjects by reading the product
specific text provided on the back of the container. Implications for the design
and evaluation of safety symbols are provided as are recommendations for
modifying several features of the adhesive’s label.

INTRODUCTION

Many commonly used safety signage or
labeling systems use generic symbols to con-
vey information about both the hazards that
may be present when using the product and
the precautions that should be taken. The use
of symbols has been justified because they
can be perceived more quickly than text
(Tierney & King, 1970). Consumers also
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often fail to read both written instructions
(Wright, Creighton, & Threlsall, 1982) and
warning labels (Lehto & Miller, 1986).
Furthermore, symbols might be useful at the
point of purchase by allowing consumers to
easily compare the nature and degree of prod-
uct hazards across brands prior to selecting
the product. However, problems can occur if
symbols are incorrectly interpreted, especially
when people fail to read provided instructions
or warning labels.

The comprehension of safety related sym-
bols has been evaluated for both industrial
(Collins, Lerner, & Pierman, 1982) and con-
sumer populations (Easterby & Hakiel, 1981).
In a review of the related literature, Lehto and
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Miller (1986) note that most such studies have
evaluated the meaning associated with generic
symbols independently of the context within
which they are used (e.g., by presenting on a
sheet of paper a pictograph that depicts a
flame and then asking what it means). This
approach can be criticized because the mean-
ing that a symbol is intended to help convey
in a particular application may be quite specif-
ic. In such situations, the specific meaning
must be inferred by applying the generic con-
cept implicit within the symbol to a context
specific referent. For example, depending on
the context, a pictograph depicting a flame
could refer to a solid, liquid, or gas. Quite
obviously, the nature of the hazard and associ-
ated precautions could vary greatly between
each of the three referents in this example.

The critical objective in evaluating applica-
tions of generic symbols must therefore be to
determine the degree to which the specific
intended, rather than the generic, meaning is
inferred by the target population when a
generic symbol is placed on a product. It is
quite conceivable that people who understand
the generic concept conveyed by a given
symbol may fail to correctly infer its meaning
in a particular context because they fail to
correctly perceive its referent. To explore this
possibility, we chose to examine the impact
of two well-recognized, generic symbols on
users’ understanding of the hazards and nec-
essary safety precautions for flammable con-
tact adhesives. The following discussion first
presents a brief history of this product, cur-
rent labeling strategies, and related research
issues. The study and obtained results are
then presented.

BACKGROUND

Contact adhesives are used for installing
laminates, wall paneling, and flooring in new
or existing homes. Some solvent-based adhe-
sives are considered, by U.S. standards, to be
“extremely flammable” due to their low flash
point (20°F or lower) and rapid evaporation
rate. Adhesives are typically dispensed from
quart or gallon containers and spread (trow-
elled) over a large area. As a result, vapors
emitted from the adhesive can quickly reach a
flammable concentration that can be ignited
148

by a spark or flame. Thus, it is critical that the
work area be well ventilated and all sources of
ignition eliminated prior to applying a
flammable contact adhesive.

The use of such adhesives was associated
with numerous household fires and at least
130 injuries (15 of whom subsequently died)
in the United States between 1970 and 1976
(Nelson, 1976). The majority of these fires
resulted from pilot lights igniting adhesive
vapors in the same room or in other rooms
throughout the house. As a result of these
fires, the U.S. Consumer Product Safety
Commission (CPSC) banned the sale of cer-
tain extremely flammable contact adhesives
to consumers in 1978 (Federal Register,
1977b) after they concluded that changes in
product warning labels would not provide
adequate protection to the public (Federal
Register, 1977a).

Labeling Strategies

While similar fires occurred in Canada, the
sale of flammable adhesives was not banned.
Instead, increased attention was given to
product labeling as a means of preventing
accidental fires. Among other actions, the
Canadian government sponsored an indus-
try/government meeting in 1984 to discuss
labeling strategies aimed at reducing acciden-
tal fires. More recently, the Product Safety
Branch proposed an amendment to the
Canadian Hazardous Product Act (Canada
Gazette, 1989) that would require flammable
adhesives to display special warnings on the
back panel and lid of the containers. This
safety information would supplement the
warnings currently required by the Canadian
Hazardous Products Regulations.

These latter regulations set forth a labeling
system in which objective measures of product
characteristics, such as flash point, are associ-
ated with symbols denoting the nature of the
hazard and a frame surrounding the symbol
denoting the degree of the hazard. Figure 1
illustrates the various symbol/frame combina-
tions that could appear on a consumer product.
In addition to the symbols, the regulations
require that the product display a signal word
such as DANGER, a statement of the primary
hazard such as FLAMMABLE or VAPOUR
HARMFUL, statements of precaution such as
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FIGURE 1
CANADIAN HAZARD SYMBOLS AND HAZARD FRAMES

®
®
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C&CC/CCAC No. 190 15134 B-88-03

KEEP AWAY FROM OPEN FLAME OR
SPARK, and first aid information.

For contact adhesives, the appropriate sym-
bol, signal word, and statement(s) of primary
hazard must appear on the front of the con-
tainer known as the “principal display panel,”
but the statements of precaution and first aid
information can appear on other panels of the
container. The example flammable adhesive
label focused on in this study is shown in
Figure 2. Note that Figure 2 shows only the
English half of the label. The same informa-
tion is provided in French on the other half of
the container.

Products sold in Canada may display addi-
tional precautionary information as long as the
information does not negate or disclaim any
graphic matter required by the regulations. In
Figure 2, for example, the manufacturer vol-
untarily added the following safety informa-
tion on the back of the label: “CAUTION: All
spark producing devices and open flames (fur-
naces, all pilot lights, spark producing switch-
Fall 1991/Volume 22/Number 3
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es, motors, etc.) must be eliminated in or near
the working area.”

2 <&

Research Issues

A primary goal of a labeling strategy for
flammable contact adhesives is to convey
information to the ultimate users of this
product regarding the need for a well-venti-
lated workplace with no sources of ignition.
While inhalation of adhesive vapors does
present a health concern, the most critical
reason for ventilating a work area is to pre-
vent adhesive vapors from reaching a
flammable concentration. This being the
case, one critical research issue is to deter-
mine whether people are able to infer the
required information from just the generic
symbols appearing on the product. A second
issue is to determine whether this under-
standing is improved when people have the
opportunity to read more detailed informa-
tion on other parts of the label. A third issue
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FIGURE 2
ENGLISH HALF OF THE CANADIAN FLAMMABLE ADHESIVE LABEL EVALUATED IN THIS STUDY. THE
PORTION CONTAINING THE FLAME AND POISON SYMBOLS IS THE PRINCIPAL DISPLAY PANEL

a. Warning Symbols and Text on Front Panel of Label (Symbol area = 1.875" x

3.25").

DANGER

EXTREMELY FLAMMABLE

VAPOUR HARMFUL

b. Warning Text on Back Panel of Label (Text area = .75" x 2.125").

.

SWALLOWED.

1
CAUTION: KEEP AWAY FROM OPEN FLAME OR SPARK. USE ONLY
UNDER WELL-VENTILATED CONDITIONS. HARMFUL OR FATAL If

CAUTION: All spark producing devices and open flames (Furnaces,
all pilot lights, spark-producing switches, motors etc.), must be
eliminated, in or near working area.
FIRST AID TREATMENT: Contains a petroleum distillate. If
swallowed, do not induce vomiting. Cali a physician immediately. [f
u)atient is unconscious, give him air.

is to evaluate the influence of information
provided in locations other than on the label.

Inference From Symbols Alone. Studying
the users’ understanding of this adhesive
based on their interpretation of the provided
symbols alone is critical because, given the
typical orientation of the product on the shelf,
consumers are likely to view the information
on the front of the label before they read the
more detailed information on the back. As a
result, we hypothesize that initial judgments
regarding the risks associated with using the
product will probably be formed on the basis
of the symbols alone, resulting in at least two
potential problems if the symbols are not cor-
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rectly interpreted. First, this situation lends
itself to application of the judgment heuristic
known as “adjustment from an anchor”
(Tversky & Kahneman, 1974) in which a per-
son’s ultimate judgment about risk or the
probability of an event is biased toward their
initial assessment of risk (the anchor).
Because people typically fail to sufficiently
adjust away from the anchor, this heuristic is
sometimes referred to as “anchoring and
insufficient adjustment.” Second, a study by
Wright et al. (1982) found that people are less
prone to read instructions when they are
familiar with a product or use it frequently. It
consequently seems likely that users will
ignore the product specific text when they are
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confident in the conclusions they develop
from viewing the symbols on the front of the
label. Such results seem especially likely for
those people who have previously used con-
tact adhesives because their understanding of
hazards and precautions is likely to be sub-
stantially influenced by their prior experience
with the product in addition to their interpreta-
tion of the symbols.

There is strong evidence that the vast
majority of Canadians associate the flame
symbol with the concept of flammability.
Consider the results of a nationwide survey in
Canada regarding the recognition and inter-
pretation of the flame symbol prescribed by
the Hazardous Products Regulations. Of those
surveyed, 86% reported that they had seen the
flame symbol sometime before and 91% of
the respondents correctly identified the mean-
ing of the symbol (Gallup Canada, 1989).

However, it seems much less likely that
people will be able to infer from a flame sym-
bol placed on a contact adhesive’s package
that vapor concentrations are flammable or
that extinguishing pilot lights is a critical pre-
caution. In support of this contention, the
results of a U.S. study suggest a similar flame
symbol prevalent in the U.S. is widely recog-
nized, but is rather ineffective in conveying
the message that vapors can be flammable
(Laux, Mayer, & Thompson, 1989). To fur-
ther explore this possibility, our study sought
to determine the extent to which the flame
symbol elicits generic precautions such as
“do not smoke” or “keep away from fire” as
opposed to eliciting precautions specifically
related to vapor flammability such as “turn
off pilot lights,” which would indicate a more
complete understanding of how to use the
product safely.

Influence of Text. A potential problem for
users who attend to the symbols alone is that
they may not accurately and completely
understand the hazards and precautions asso-
ciated with a particular product. The provision
of product specific text is one obvious method
for remedying any misconceptions that might
occur. The possibility of “anchoring and
insufficient adjustment,” however, indicates
that providing additional text will do little to
change initial judgments. To evaluate this and
the above research issues, we sought to deter-

Fall 1991/Volume 22/Number 3

mine the extent to which the two symbols on
the front of the label (Figure 2) led to a correct
initial assessment of the risks associated with
using the adhesive. Our study then addressed
the extent to which users modify their initial
judgments after they examined the product
specific information on the back of the label.

Information on Container Lid. One strategy
that has been used to encourage people to read
information on the back of the label is to place
a message on the container lid. Figure 3
shows the information that has appeared on
such a lid in the past. Note that the informa-
tion on such a “pry-open” type lid will almost
always be exposed to the user just prior to dis-
pensing or using the product. Because appli-
cable research has not been conducted, the
extent to which providing such information on
the lid increases the likelihood that the back of
the label is read is unknown. This issue is of
particular interest in light of the proposed
amendment to the Canadian Hazardous
Products Regulations that specifies that simi-
lar information appear on flammable adhesive
lids. It should be noted that our study was not
intended to rigorously test the effectiveness of
placing information in this location but,
rather, to gain some initial insights into the
potential merits of such a labeling strategy.

METHOD

To address the research issues discussed
above, a field experiment was conducted
using a verbally administered questionnaire to
measure the respondent’s understanding of the
adhesive’s hazards and precautions after view-
ing certain panels of the container. The inter-
view session was designed to simulate the
typical pattern of interaction between users
and this adhesive prior to actual use of the
product. The introduction to the questionnaire
is provided in Table 1. The complete question-
naire is available upon request.

Respondents and Interview Setting

The sample of respondents consisted of 100
Canadian residents, 23 who were female and
77 male. The age of the respondents ranged
from 19 to 72 years with a 34.6 year average.
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FIGURE 3
INFORMATION APPEARING ON THE LID OF
THE CONTAINER IN THE ATTENTION LID
CONDITION. THE TEXT WAS GRAY ON A
RED BACKGROUND

Approximately one half of the sample had
attended school beyond the high school level.
Seventy-one of the respondents lived in a
house, 23 lived in an apartment, and six
respondents lived in something other than a
house or apartment. Sixty-one respondents
had at least one gas appliance in their home.
Regarding their prior experience with contact
adhesives and related products, 61 of the
respondents had used a product similar to the
adhesive evaluated here, 60 had seen someone
else use a similar product, and 64 of the
respondents had personally done some type of
remodeling in their home.

Respondents were individually interviewed
in popular, well-maintained public parks in
Windsor, Ontario frequented by people of
varying socioeconomic status. Participants in
the study were required to be residents of
Canada who had not used this particular prod-
uct before and who had enough time to unhur-
riedly complete the interview. The public park
setting was chosen over a retail store setting
because of the length of the interviews.
During pilot studies, customers were inter-
viewed in a hardware store. Data collection in
this setting was hampered by the fact that peo-
ple did not have sufficient time to complete
the interview. The public park setting, howev-
er, provided a more relaxed atmosphere where
people were willing to complete the interview,
which typically lasted about 30 minutes.

In selecting potential respondents, we
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attempted to obtain a sample representative
of those who actually purchase and use con-
tact adhesives. Our only indication as to the
types of consumers who use (or more pre-
cisely, have accidents with) these adhesives
came from 35 in-depth accident investiga-
tions conducted by the CPSC (Nelson, 1976).
These accident investigations found that
males were injured three to four times as
often as females and that 75% of the adult
users had used a contact adhesive prior to the
time of the accidental fire. Also, the vast
majority of those involved in the reported
accidental fires were between the ages of 21
and 64. To a reasonable degree, our sample
resulted in a similar profile.

Interview Protocol

To begin the interview, the respondent was
informed that we were conducting a study to
determine what people thought of the product
after seeing certain parts of the can. Each sub-
ject was then given a brief description of the
adhesive that included its typical uses. Next,
the respondent was given a one liter can of
adhesive with the back of the label covered by
a black cloth and asked to examine the can as
if preparing to use the adhesive to attach
shower board to the walls around a bathtub.
After such examination, the can was removed
from sight and the respondent was asked the
first set of questions. Responses to the ques-
tions were handwritten by the interviewer.

The back of the can was then uncovered
and the respondent was asked to read the
information on the back of the can just as if
preparing to use the adhesive. When the
respondent indicated that he/she was ready to
use the adhesive, the can was again removed
from sight and a second set of questions was
administered. Many of the questions were the
same as those in the first set. Finally, back-
ground information was collected from the
respondent and each was given five dollars for
participating in the study.

Lid Information Conditions

To assess the impact of the information pro-
vided on the lid of the can, one, half of the
respondents were given a can with a plain lid
while the other half were given a can with a
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TABLE 1
INTRODUCTORY PORTION OF THE QUESTIONNAIRE

We're doing a study to find out what people think about this product after they have seen certain parts of this can. 'm not selling
anything — | would just like you to look at this can and then I'll ask you some questions. it takes about fifteen minutes and | will be
happy to give you five doliars for helping us with our study. (Hold can in front of respondent)

This product is a wall panel adhesive. It is generally used to attach decorative or waterproof paneling to a new or existing wall. You
might use this product if, for example, you were remodeling your bathroom and wanted to put up a new material over an existing
wall. In your bathroom, this adhesive coukd be used to glue sheets of shower board, like this piece, to the wall around your bathtub.

(Show respondent the piece of shower board)

What | would like you to do is examine this can. (Hand the can to the respondent) Assume you are getting ready to use the adhesive
to attach shesets of waterproof shower board to the wall already around a bathtub. | realize that this can may seem a bit unusual
because part of the can is covered up, but go ahead and look it over as if you were getting ready to use the adhesive. (Wait

approximately thity seconds before proceeding)

Have you sver used this particular product before?
Yes No

Do you live in Canada?
Yes No

if YES, stop interview; if NO continue.

it No, stop interview; if YES continue.

First, | want you to concentrate on these two symbols (point to symbols on the can). So that you can easily study them, here is an
exact copy of them. (Give response booklet to respondent and remove can from sight of respondent)

1. Consider these two symbols. What precautions would you take if you were using this product in your home?

lid that displayed the information shown in
Figure 3. The questions asked of the respon-
dents remained the same for both conditions
and at no time were the respondents specifi-
cally asked to examine the lid.

RESULTS

By conducting the structured interviews, a
substantial set of data was obtained document-
ing the information users inferred from the
symbols alone regarding their perception of
product specific hazards, the relative signifi-
cance they attached to them, and their self-
reports of related precautions. The incremen-
tal effect of warning text on the above factors
was also documented. Furthermore, specific
results were obtained regarding user under-
standing of vapor flammability and the influ-
ence of providing additional information on
the lid of the container. These results follow.

Initial Impact of Warning Symbols Alone

After examining the front of the label,
respondents were shown only the two sym-
bol/frame graphics shown in Figure 2. They
were then asked, “What precautions would
you take if you were using this product in
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your home?” Table 2 displays the precautions
reported by respondents along with the fre-
quency of each response.

About one third of the respondents men-
tioned that they would take precautions either
against breathing adhesive vapors or getting
the adhesive on their body. This is an interest-
ing result considering that precautions such as
wearing protective clothing or using some
type of air filtration device are not necessary
when using this product. Presumably, it was
the poison symbol that prompted these
respondents to think of these types of health
precautions that may be important for other
products bearing this symbol.

With respect to the flame symbol, only 4
respondents out of the 100 participants specif-
ically mentioned that extinguishing pilot
lights was a precaution that they would take.
For the other respondents who mentioned a
general precaution such as “keep away from
open flame,” it was unclear whether they con-
sidered a pilot light several feet away to be an
“open flame” type hazard. In addition, it was
unclear whether users understood what should
be kept from an open flame, the adhesive
itself or the vapors emitted by the adhesive.

In another group of questions, respondents
were asked how much they would be willing
to pay for each of two safer adhesive formu-
lae. They were told that the first new formula
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no longer needed the flame symbol and that
the second new formula no longer needed the
poison symbol. Respondents were then asked
the following: “Assume you are willing to
pay $5 for this can of adhesive, how much
would you be willing to pay for the new for-
mula that does not have this symbol?” (either
flame or poison symbol). Respondents
reported that they would be willing to pay an
average of $6.42 for the nonflammable for-
mula and $7.08 for the nonpoisonous formu-
la. Both of these prices were significantly
higher than the base price of $5 (p < 0.001
for both formulae). The 66 cents difference
between the two prices was also significant
{#(99) = 3.76, p < 0.001].

This latter result can be interpreted to mean
that the toxicity of the product was perceived
by many of the subjects to be a more serious
safety concern than the flammability. This
issue was examined further with two ques-
tions regarding the relative importance of
flammability versus toxicity precautions. In
the first question, respondents were asked to
rank order the following precautions accord-
ing to their importance to product safety: (a)
turn off pilot lights in or near the work area;
(b) remove spark producing tools from the
work area; (c) wear an air mask; (d) wear

protective gloves; and (e) wear glasses or
safety goggles. Two of these precautions, “a”
and “b,” serve to prevent ignition of vapors
and, in reality, are necessary. The other three
precautions serve to protect one’s health
while using a product but are not necessary
for this particular adhesive.

Table 3 illustrates that subjects, on the aver-
age, ranked the fire precautions as being more
important than the health precautions. While
these results may seem to contradict the earli-
er findings, note that this was the first time
respondents were provided with a list of spe-
cific precautions as opposed to having to gen-
erate them. Thus, while turning off pilot lights
did not occur to most people after seeing only
the front of the label, once they were present-
ed with or reminded of this precaution, they
apparently had some appreciation for its
importance. Also, as mentioned before, the
three health precautions are not necessary or
prescribed for this product. As a result, one
would expect a clear separation in the ranking
of these two groups of precautions. That is, if
the two fire related precautions were ranked
one and two then their combined average
ranking should be 1.5; similarly, the combined
average ranking for the health precautions
should be four. Table 3 shows this is clearly

TABLE 2
CONSIDER THESE TWOQO SYMBOLS. WHAT PRECAUTIONS WOULD YOU TAKE IF YOU WERE USING THIS
PRODUCT IN YOUR HOME?

Response

Keep away from/out of reach of children

Keep away from open flame. heat or sparks

Do not smoke while using adhesive

Ventilate the area/Open windows

Avoid breathing vapors/Wear an air or face mask
Keep off of skinfWear gloves or protective clothing
Store in a cool place/Keep can away from sources of heat
Do not eat, swallow, or ingest

Keep out of eyes/Wear glasses or goggles

Keep matches or lighters away from adhesive

Close can tightly after use

Do not use adhesive near pilot fights/Turn off pilot lights
Know antidotes or first aid in case of emergency

Keep fire extinguisher nearby

Other

No. of Respondents
(N =100
65

57
45
35
31
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not the case. The implication is that a signifi-
cant number of respondents, after seeing only
the symbols on front of the label, ranked the
less important health precautions as being
more important than the critical fire precau-
tions. In fact, looking at the raw data, we
found that only 63 of the 100 respondents
ranked “turn off pilots in or near the work
area” as first or second most important and
only 56 ranked “remove spark producing
tools from the work area” as first or second
most important.

This same type of result was found when
respondents were asked to rate the likelihood
that they would take various precautions after
they had seen just the front of the label. Table
4 shows the average rating for each of the pre-
cautions presented to the respondents, both
before and after seeing the text on the back of
the label. Consistent with the results of the
ranking task, the average rating was higher for
the truly important precautions (“a” through
“e” in Table 4). Note also that ratings for the
unnecessary precautions were still quite high.
This suggests, again, that many users had dif-
ficulty discriminating between necessary and
unnecessary precautions after seeing only the
symbols on the front of the label.

Interestingly, the precaution with the lowest
average rating was “turn off the house’s main
gas valve.” Several respondents remarked dur-
ing the interview that this precaution was out-
rageous while others expressed concern that
taking this precaution may actually be more
dangerous than using the product. Still others
said they did not know how to turn off the
house’s main gas and that only the gas compa-
ny should do this. These responses are note-

worthy in light of the fact that this statement
appears on the lid of a different type of adhe-
sive currently sold to consumers in the U.S.

Impact of Warning Text

After responding to the questions about
the front of the label (the symbols alone),
respondents were asked to read the back of
the label as if they were preparing to use the
adhesive. When they indicated that they had
completed their examination of the back of
the label and said that they were ready to use
the product, the can was removed from sight
and they were again asked how much they
would be willing to pay for each of the two
safer formulae. After being exposed to the
back of the label, the average price that
respondents were willing to pay for the non-
flammable formula increased 94 cents from
$6.42 1o $7.36. This increase was significant
[(99) = -3.92, p < 0.01]. For the nonpoi-
sonous formula, the average price that
respondents were willing to pay for the non-
poisonous formula showed an increase of 58
cents from $7.08 to $7.66, which was also
significant [#(99) = -2.84, p < 0.01]. Recall
that, prior to seeing the back of the label, the
average price of the nonpoisonous formula
was significantly more than that for the non-
flammable formula. After being exposed to
the back of the label, the average price for
the nonpoisonous formula was still greater,
but only by 30 cents, which was found to be
insignificant [t(99) = -1.64, p > 0.10].

After reading the back of the label, subjects
were again asked to rate the likelihood that
they would engage in various precautionary

TABLE 3
CONSIDER THE FOLLOWING STATEMENTS. FOR THIS PRODUCT, WHICH ONE OF THE FOLLOWING
STATEMENTS IS MOST IMPORTANT IN TERMS OF USING THE PRODUCT SAFELY? OF THE FOUR
REMAINING STATEMENTS, WHICH ONE IS MOST IMPORTANT IN TERMS OF USING

THE PRODUCT SAFELY? ETC.

Precaution Mean Ranking Mode Ranking
(1 = most important 6 = lecst importont)
Turn off pliot lights in or near the work area 223 1
Remove spark producing tools from the work area 2.i5 2
Wear an air mask 242 3
Wear protective gloves 3.44 5
5

Waear glasses or safety goggles 3.6

Fall 1991/Volume 22/Number 3
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activities. Table 4 shows the average rating for
each of the precautions both before and after
seeing the back of the label. Paired t-tests
were conducted to determine if ratings for
each precaution changed significantly after
respondents read the back of the label.
Precautions whose ratings increased signifi-
cantly are denoted by a single or double aster-
isk. Note that the mean rating did not decrease
for any of the precautions.

After reading the back of the label, respon-
dents were again asked to rank five precau-
tions according to their importance to product
safety (see Table 3 for list of precautions).
Recall that the two fire precautions are actual-
ly important for this product while the three
health precautions are not necessary. For the
precaution “turn off pilot lights,” before read-
ing the back of the label, 63 respondents
ranked this as either first or second most
important. Afterwards, 78 respondents ranked
the precaution as either first or second most
important. This change was found to be statis-
tically significant (p < .05) using the chi-
square test. For “remove spark producing
tools from the work area,” before reading the
back of the label, 56 respondents ranked this
as either first or second most important.
Afterwards, 63 respondents ranked the pre-
caution as either first or second most impor-
tant. This latter effect was not statistically sig-

nificant. Nonetheless, these results, in combi-
nation with those mentioned above, suggest
that reading the back of the label is likely to
influence the user’s safety knowledge in a
positive manner but the extent of such influ-
ence is less than one might expect.

Knowledge of Vapor Flammability

After seeing the front of the label, respon-
dents were asked: “Why might you ventilate
the work area?” Table 5 shows that 91 respon-
dents said they would ventilate because the
vapors from the adhesive could have some
harmful impact on their health, but only 27
respondents mentioned the flammability of
the vapors as a reason to ventilate the work
area. After examining the back of the label,
respondents were asked if there were any
other reasons to ventilate the work area
besides those previously mentioned. The
result of this question was that 10 more
respondents reported that vapor flammability
was a reason to ventilate the work area. Thus,
even after being exposed to the entire label,
only about a third of the respondents (a total
of 37) reported that vapor flammability was a
reason to ventilate the work area. This finding
also indicates that the back of the label influ-
enced the respondents in a positive manner
but less than one might expect.

TABLE 4
REPORTED LIKELIHOOD TO TAKE PRECAUTIONS BEFORE AND AFTER SEEING THE BACK OF THE
LABEL BASED UPON THE FOLLOWING SCALE:

1, I definitely would not do this; 2, T almost certainly would not do this; 3, I probably would not do this; 4, I might do this;
S, I probably would do this; 6, I almost certainly would do this; 7, I definitely would do this.

Before Seeing After Seeing
Back of Label Back of Label
Precaution
Mean Rating Mean Rating
a. Keep away from open flame or spark 6.58 6.65
b. Read directions before removing the lid I 6.36 -—
c. Ventiate the work area l 6.16 | 6.49°°
d. Remove spark producing devices from the work area 579 | 6.29°*
o. Tum off pllot lights in or near the work area 572 817
f. Store in a cool place 5.5¢ 5.61
g. Weaor on air mask 4.92 540"
h. Wear eyeglasses or safety goggles 4.85 l 5.06
.. Wecar protective gloves 4.84 51
}. Tum off the house’s main gos valve 335 424"

Note: Verlicd lines indicate ratings not significantly different from one another (p 2 .10).
* Indicates a significant increase In the mean rating after seeing the back of the label (p < .10).
** Indicates a significant increase in the mean rating after seeing the back of the label (p < .005).
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Impact of Information on Lid of Container

Recall that half of the respondents were
given a can with a plain lid and the other half
were given a can whose lid displayed the
information shown in Figure 3. When respon-
dents from both groups were asked, “how
likely are you to read directions before remov-
ing the lid,” there was no significant differ-
ence between the plain lid condition and the
ATTENTION lid condition in terms of the
reported likelihood to do this (Mann-Whitney
U test, n; = ny = 50, z =-.349, p > .10). This
result suggests that providing the instructions
on the lid had little impact on the reported
likelihood that instructions on the back of the
label would be read before opening the con-
tainer. Note, however, that respondents report-
ed that they were very likely to read the
instructions before using the product regard-
less of the lid condition. Table 4 illustrates
that the average likelihood to read directions
was second only to “keep away from open
flame or spark.”

Just prior to examining the back of the
label, respondents were asked: “At this point,
do you feel that you know enough about this
adhesive product to use it or would you want
more information about the adhesive before
using it?”” Eighty percent of the respondents
exposed to the plain lid and 88% of the
respondents exposed to the ATTENTION lid
said that they would want more information
before using the product. The chi-square anal-
ysis of these data show this difference to be
statistically insignificant [X2 = 1.19, p > 0.10].

With regard to recall of the information
provided on the lid, 82% of the respondents in
the ATTENTION lid condition recalled

noticing something on the lid but only 28%
recalled that the lid instructed them to read the
directions before removing the lid. It should
be noted that subjects were never specifically
instructed to look at or read information on
the lid and respondents did not actually open
the container. Thus, we cannot predict what
effect actually removing the lid might have on
the attention to and compliance with informa-
tion on the lid. These results do, however,
indicate the need for further research regard-
ing the effectiveness of lid information prior
to adopting the proposed amendment to the
Hazardous Products Regulations.

DISCUSSION

Regarding the impact of warning symbols
on the front of the label, the results of this
experiment indicate that, although the flame
and poison symbols are recognized by nearly
all Canadian users, such symbols do not nec-
essarily elicit safety precautions appropriate
for this adhesive product. More specifically,
although the flame symbol conveys a general
message about adhesive flammability to
nearly everyone, many users are not able to
infer the more specific concept of vapor
flammability. Consequently, the provision of
a flame symbol on the front of the label is
unlikely to prompt users to look for and turn
off pilot lights.

Our findings also suggest that users who
consider only the symbols on the front of the
label are unlikely to correctly judge the rela-
tive importance of the poison hazard in rela-
tion to the fire hazard. This incorrect assess-
ment of risk may occur because specific acci-

TABLE 5
WHY MIGHT YOU VENTILATE THE WORK AREA (BEFORE EXAMING BACK OF LABEL)?
WHY MIGHT YOU VENTILATE THE WORK AREA (BEFORE EXAMINING BACK OF LABEL)?

Response

No. of Respondents
(N = 100)

Inhdiing vapors may be hamful to one’s health
Vapors can be flonmable

Vapors may have on unpleasant odor

Ald drying of the adhesive

No reasons/would not ventilate area

Other

N
27
20
5
3
4
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dent scenarios corresponding to the poison
symbol are more easily recalled or imagined
by users than those corresponding to the
flame symbol. Ingestion, absorption, and
inhalation of the adhesive, especially by chil-
dren, are specific accident scenarios that
quickly came to mind for many respondents.
However, if a person does not recognize that
adhesive vapors are flammable, it is likely to
be difficult for them to envision how a seri-
ous fire could occur when using the product.
Hence, it is not surprising that extinguishing
smoking materials was the only specific fire
precaution mentioned by more than a handful
of respondents. And in many of these cases,
the respondent thought that the burning
cigarette would have to fall onto the adhesive
itself to start a fire.

The assessment of hazardousness based on
the ease with which an accident scenario is
imagined or recalled would be consistent with
the availability heuristic described by Tversky
and Kahneman (1974). In their article on the
heuristics and biases of human judgment
under uncertainty, they state:

There are situations in which people
assess the frequency of a class or the proba-
bility of an event by the ease with which
instances or occurrences can be brought to
mind. For example, one may assess the risk
of heart attack among middle-aged people by
recalling such occurrences among one’s
acquaintances. Similarly, one may evaluate
the probability that a given business adven-
ture will fail by imagining various difficulties
it could encounter. This judgment heuristic is
called availability.

Unfortunately, the results from our present
study indicate that the most frequently docu-
mented accident scenario, pilot light ignition
of vapors, is not available to many users if
they only attend to the symbols on the front of
the label.

Several respondents who had previously
used a nonflammable type of contact adhesive
had difficulty believing that the vapor
flammability was the primary hazard for this
product. In a discussion held after one inter-
view session, the respondent stated that he had
extensive experience with adhesives that were
not flammable and that he always wore some
type of air filter to prevent inhalation of fumes
(in the nonflammable adhesives these are
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most likely 1,1,1 trichloroethane vapors).
Because of his prior experience and familiari-
ty with the nonflammable adhesive, the
respondent said that he would wear some type
of respiratory protection even if he used the
flammable adhesive; however, he also said
that he would not extinguish pilot lights or
instruct others to extinguish cigarettes because
he knew that adhesive vapors were harmful
and not flammable. Such a misunderstanding
of the flammable adhesive illustrates the need
for manufacturers and government regulators
to consider how the use of one product may
negatively impact the use of another product
that appears to be similar but, in reality, has
critically different hazard characteristics.

Regarding the impact of the text provided
on the back of the label, respondents generally
showed an elevated concern for safety after
reading this portion of the label. They were
willing to pay more money for both of the
safer formulae and their assessment of the
flammability hazards relative to the toxicity
hazards was corrected somewhat from their
initial judgment based on the front of the label
only. Perhaps the most important function of
the warning text on the back of the label was
to alert users to specific sources of ignition
and precautions that were not prompted by the
flame and poison symbols.

As to respondents’ knowledge of vapor
flammability, the vast majority of respondents
indicated that ventilation was important
because inhaling the fumes would be harmful
to one’s health. The prevalence of this response
could be due to the Canadian Hazardous
Products Regulations’ primary hazard state-
ment, VAPOUR HARMFUL, which is dis-
played beneath the poison symbol. A number
of respondents seemed insulted when asked
why they might ventilate the work area. They
were quick to point out that the label plainly
stated that the vapors were harmful and should
be exhausted to prevent excessive inhalation.

Most respondents did not understand that the
vapors emitted by the adhesive could be ignit-
ed. Less than 40% of the respondents reported
that vapor flammability was a reason to venti-
late the work area even after seeing the specific
information on the back of the label. The infer-
ence to be drawn is that, for this product, the
government required statement “Use only
under well ventilated conditions” does not
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clearly convey the message that vapors are
flammable even when it follows the statement
“Keep away from open flame or spark.” The
extent to which the poison symbol and words
VAPOUR HARMFUL on the front of the label
influence the interpretation of “Use only under
well ventilated conditions” is unknown.
However, the information on the front of the
label certainly provides a context for misinter-
preting the reason to ventilate the work area.

An additional finding regarding user per-
ceptions of vapor flammability was that a
handful of respondents drew an incorrect dis-
tinction between the adhesive and gasoline. In
thinking about how a fire might occur, several
respondents stated that the adhesive was not
like gasoline because gasoline vapors could be
ignited whereas the adhesive vapors could
not. This finding is noteworthy because it
indicates that, although a person realizes that
some vapors are flammable, they may not
consider the adhesive’s vapors to be
flammable. Identifying those features of a
product which suggest that its vapors might be
flammable is an important research question
applicable to a host of consumer and industri-
al products with flammable vapors for which
this same confusion may exist.

IMPLICATIONS

This study has several strong implications
pertaining to the design and evaluation of
warning symbols. To begin with, recall that
virtually all of the respondents recognized the
flame symbol, but many did not infer the spe-
cific nature of the hazard or specific precau-
tions needed for this product. A potential
problem with general recognition without
adequate inference of specific meaning is that
mere recognition of the flame symbol can
result in a false sense of security when using
the product. That is, if the user sees the flame
symbol and concludes that it is the adhesive
rather than the vapors that are flammable,
then they probably will not recognize the haz-
ards associated with vapor flammability.
Most seriously, in this situation they may not
sense a need for obtaining more information
by reading the product specific text on the
back of the label. It seems likely that these
findings can be extended to other symbols
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and product specific contexts. Consequently,
the merits of using a warning symbol should
be carefully considered in the context of a
particular product.

We further conclude that the presence of
one symbol on a product can influence the
interpretation of other symbols as well as the
warning text presented on the label. Thus, in
many cases, the evaluation of symbol inter-
pretation and effectiveness will need to be
conducted in the context of the entire label
rather than testing the symbol in isolation.

RECOMMENDATIONS

The results of this study provide a basis for
several modifications to labels affixed to
adhesives sold in Canada. In the remainder of
the paper, we present four recommendations
aimed at increasing the awareness of and
appreciation for the hazards and precautions
associated with flammable adhesives. It
should be noted that, although they are well
founded, empirical testing is needed to deter-
mine the actual effect of implementing one or
more of the recommendations.

The first recommendation is to make the
flame symbol substantially larger than the
skull and crossbones. The difference in size
might provide the user with a more accurate
understanding of the relative severity of the
two hazards. Recall that the hazard frames
surrounding the symbols are meant to convey
the severity of a particular hazard, not the rel-
ative severity between different hazards.

A second recommendation concerns the
statements of primary hazard (i.e., EXTREME-
LY FLAMMABLE and VAPOUR HARM-
FUL). Given that the adhesive’s most promi-
nent and least understood hazard is vapor
flammability, we recommend that a more spe-
cific primary hazard statement such as
FLAMMABLE VAPOURS be used in place of
the generic EXTREMELY FLAMMABLE
phrase currently prescribed by the Hazardous
Products Regulations. The well-recognized,
generic flame symbol accompanied by the
product specific statement, FLAMMABLE
VAPOURS, is likely to instantiate a more
accurate representation of the adhesive’s haz-
ards and increase the likelihood that users
would take appropriate precautions. However,
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for this modification to be effective, users
must process both the symbol and text. With
the current level of redundancy between the
symbols and text on hazardous consumer
products (e.g., the words Extremely
Flammable printed beneath a flame symbol),
some users may routinely truncate their search
for information immediately after encounter-
ing a familiar symbol such as the flame sym-
bol or the skull and crossbones. Without data
on user processing of primary hazard state-
ments, it is difficult to predict the impact of
this recommendation.

The third recommendation is to include
warnings and safety precautions within step-
by-step directions for using the product.
Currently, most adhesive labels separate safe-
ty-related information from directions for use.
Our recommendation is based on the assertion
that most people purchase and use products to
perform tasks and accomplish goals, which
typically do not include learning about the
product’s composition or its hazard character-
istics. It follows, then, that a user’s informa-
tion search and subsequent text processing
will be driven by their desire to actually use
the product. This implies that users will search
for and read information that appears to be
relevant to the use of the product, namely,
directions for use. Thus, warnings and safety
precautions are more likely to be read if they
are included in procedural information, which
appears to be directly related to task accom-
plishment. Research by Friedmann (1988)
involving a wood cleaning product provides
support for this argument.

A final recommendation is to provide more
information specifically addressing vapor
flammability and accident scenarios common
to this product. Since this is difficult to accom-
plish given the limited amount of space on the
container, we recommend attaching or enclos-
ing a folded leaflet that verbally and graphical-
ly describes the hazards and precautions asso-
ciated with the adhesive. Such a leaflet could
display a cutaway view of a house identifying
common sources of ignition and graphically
showing the path of vapors from one room to
the next and from one floor to next. A graphi-
cal representation would allow users to make
inferences regarding vapor flammability that,
as our results indicate, are not being made by
the majority of people even after they read the
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label. While this type of nonprocedural infor-
mation is at risk of being filtered by the user,
research by Frantz and Rhoades (1990) sug-
gests that warning information that interrupts
or interferes with task accomplishment is like-
ly to be substantially more effective than warn-
ing information that does not. Therefore, a
leaflet that temporarily interrupts a user’s
interaction with the adhesive is likely to draw
more attention than information simply added
to the current label.

In closing, we note that determining the
merits of these recommendations requires
empirical research along the lines of that
described herein. While such research is likely
to require skills and experience beyond that
found in most companies, this study illustrates
that field research is, in fact, technically feasi-
ble given the assistance of human factors pro-
fessionals. To increase the economic feasibili-
ty of warning label evaluations, manufacturers
of the same type of product (e.g., flammable
adhesives) should consider working together,
through their trade associations, to conduct
research on issues common to their products.
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