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Abstract. Warnings are intended to reduce accidents caused by hazards. Behavioral compliance is the most important measure
of warning effectiveness. However, in result of diverse circumstances (e.g., distraction, misuse, negligence), conflicting or
ambiguous safety messages can be perceived. Since these are recurrent and can result in wrong behaviors encompassing severe
consequences, such cases should be studied for safety purposes. We report findings on the participants’ compliant behavior
when performing a work-related task, while immersed in a virtual environment, and investigate the effect of conflicting mes-
sages on compliance with warnings. Two warnings (one regular and one with an appended out-of-order sign) and two types of
signs (static and dynamic) were considered. The warning with the out-of-order sign configures the case of potentially conflict-
ing messages. The gender effect was also investigated. The participants’ behavior was assessed regarding to pushing a button
as directed by the warnings. In the “out-of-order” warning, compliance was higher in the dynamic situation (53.3%) than in the
static one (3.3%). Comparing with the non-conflicting warning, compliance was higher for both situations (static: 76.7%; dy-
namic: 100%). Women complied more than men. Although these results have limitations in their generalization, they are none-
theless relevant and deserve to be studied further.
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1. Introduction

Warnings are safety communications used to in-
form people about hazards so that accidents, injuries
or undesirable consequences are avoided. However,
even well designed warnings are not totally effective.

Over the past decades, a large amount of empirical
studies on warnings have been reported in review
papers [e.g., 11, 27], books [e.g., 18, 19] or compen-
diums of proceedings papers [e.g., 10, 20], and show
the importance of evaluating the effectiveness of
warnings. Warnings effectiveness can be assessed in
different ways [see 25, 26] and through diverse crite-
ria, but many authors agree that the ultimate criterion
of warnings effectiveness is compliance [e.g., 16, 21].

*Corresponding author. E-mail: emilia.duarte@jiade.pt

Therefore, one can assume that the more the recom-
mended features are present in a warning, the more of
its purposes are satisfied, and, therefore, the most
likely its instructions will be obeyed. Nevertheless, in
to be effective, warnings must be adequately de-
signed to the type of situation. If a warning is defec-
tive or misused, then the product or the environment,
or even the source may be deemed responsible for
undesirable consequences. Beyond the general de-
terminants of compliance, there are also other
processes that can act as barriers to warning effec-
tiveness. One of such processes is the coexistence of
multiple warnings or signs that can be inadequately
prioritized and/or be conflicting between themselves;
resulting in ambiguous situations that can force
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people to act under uncertainty and, ultimately, result
in erroneous decisions. Such puzzling situations are
common in our everyday life, and, therefore, should
be tested for safety purposes. Furthermore, such con-
ditions can be, most of the times, avoided. However,
research specifically aimed at determining how
people behave when facing potentially conflicting
and/or ambiguous warning messages, as well as re-
search on how to design warnings in order to avoid
taking decisions under uncertainty, is scarce.

In this context, this paper’s main purpose is to dis-
cuss the effect of contradictory warning messages
that give origin to ambiguity, on warnings effective-
ness, and highlight the importance of studying such
subject for safety purposes. This discussion is sup-
ported by preliminary findings, which were gathered
during a previous compliance study involving a Vir-
tual Reality (VR) simulation.

1.1. Overview of the study

While assessing the effect of the type of warning
(i.e., static and dynamic warnings) on compliance
with environmental warnings, the impact of conflict-
ing and ambiguous safety information was examined.
In addition, gender-based differences on the com-
pliant behavior were also assessed.

In the specific case reported in this paper, two dif-
ferent safety-related messages coexist, in the same
environment, and conflict with one another. One of
the warnings alerts the presence of a laser beam func-
tioning inside a laboratory room, which had to be
disconnected before entering the room in order to
avoid potential injuries. The other, a temporary sign,
was attached to a button switch that disconnected the
laser and conveyed an “out-of-order” message (Fig-
ure 1). The latter sign also configures an ambiguous
situation, since it does not explain what is, in fact,
broken.

Thus, in this paper we refer to both conflict and
ambiguity concepts. Conflict refers to a disagreement
over states that cannot hold to be true simultaneously.
In this case, conflict rises due to the concomitance of
two opposite safety messages, one that requires an
action to be carried out (i.e., push a button switch in
order to disconnect a hazardous device) and another
that communicates that there is a malfunction and,
therefore, suggests that such an action cannot be per-
formed. Here ambiguity stands out. Ambiguity is a
condition in which several distinct potential interpre-
tations are possible. In this case, the target of the out-
of-order message is unclear, in the sense that it can be

either the button, which is used to disconnect the de-
vice, or the device itself. Since multiple interpreta-
tions are feasible — which might be considered as
mutually exclusive — this ambiguity also configures a
case of conflict. Conflict and ambiguity may each
prompt uncertainty.

2. Method
2.1. Participants

Sixty volunteer participants, 30 males and 30 fe-
males, all university students aged between 18 and 35
years old (mean age = 21.15 years, SD = 3.11), parti-
cipated in the study. They declared that they had no
previous experience with navigation in Virtual Envi-
ronments (VEs). Participants had normal sight or had
corrective lenses and no color vision deficiencies.
They reported no physical or mental conditions that
would prevent them from participating in a VR simu-
lation.

2.2. Experimental design

This study used a mixed-design (within and be-
tween-subjects design), since there were two types of
variables involved. The sign type (static or dynamic)
was the between-subjects variable and the type of
warning (regular and supplemented with the out-of-
order sign) was the within-subjects variable. The par-
ticipants were randomly assigned to one of the two
experimental conditions, each comprised of 30 indi-
viduals with an equal number of males and females in
each condition.

2.3. Stimulus materials

Several warnings, 30 x 40 cm in size, were asso-
ciated to button switches positioned at the bottom of
their plates; the participants had to press these buttons
in order to comply with the warnings. The warnings
had two components, one with an ISO (International
Organization for Standardization) type sign and the
other with a textual message.

Although the presence of several warnings in the
VE (for more details see Duarte et al. [15]) in this
paper we report data regarding only two of them; i.e.,
the “Laser + out-of-order” and the “Air extractor”
warnings. The first one (see Figure 1) is the main
object of this study, because it configures the poten-
tially conflicting warning message; and the second
warning, the “Air extractor” (see Figure 5), was se-
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lected, for comparison purposes, because it was the
only warning present in the VE that conveyed a ha-
zard message that could be considered equivalent to
the targeted “Laser”, in the sense that non-
compliance could result in severe injuries or health
problems to the individuals.

The warnings, in the static version, were color
printed and those in the dynamic version differed in
the way that they were displayed in self-illuminated
panels, augmented with 5 flashing lights, and sup-
plemented by an alarm sound (beep), activated or
deactivated by proximity sensors.

Static Dynamic

“Cautton. laser in operation. Do 1ot enter before
turping it off”, “Out of order™

Figure 1. “Laser + out of order” warnings in static (left) and dy-
namic (right) variants.

2.4. Apparatus and materials

The used apparatus comprised of two magnetic
motion trackers from Ascension-Tech®, model Flock
of Birds, with 6DOF, for monitoring head and left
hand movements; a joystick from Thrustmaster as a
locomotion device; a Head-Mounted-Display (HMD)
from Sony, model PLM-S700E; Wireless headphones
from Sony®, model MDR-RF800RK; a Graphics
Workstation with an Intel® i7 processor, 8 Gigabytes
of RAM and a nVIDIA® QuadroFX4600. Figure 2
depicts the experimental setup used in this study.

The VE was presented at a resolution of 800 x 600
pixels, at 32 bits of color depth, with a field-of-view
(FOV) of 30°H, 18°V and 35° diagonal.

Figure 2. Participant and the experimental setup.

The speed of movement gradually increased from
stopped, to an average walk pace of 1.2. m/s (meters
per second) to a maximum speed around 2.5 m/s. The
participants’ viewpoint was egocentric.

2.5. Virtual Environment and Scenario

The VE consisted of a company’s headquarters,
with 4 rooms (meeting room, laboratory, cafeteria
and warehouse), each measuring 12 x 12 meters in
size. Two symmetrical axes of corridors, 2 meters
wide, interconnected the rooms, and were circum-
vented by another corridor containing the exit door
(see Figure 3).

Laser +
| out-of-order
warning

Laboratory Warehouse

Alr extractor

[ ] :—-’/wammg

—Exit

Start1e

Meeting room Cafeteria

Figure 3. The VE floor plan.
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Near to the laboratory’s entrance door and above a
button switch was positioned the “Laser” warning
(i.e., “Caution, laser in operation, do not enter before
turning it oft”, supplemented with an “out-of-order”
sign), which configures the conflicting warnings in
study (see Figure 4). In spite of the presence of the
out-of-order sign, if participants pushed the button
switch, they would hear a sound indicating that the
device was broken down.

Figure 4. A screen shot of the VE showing the “Laser + out of
order” warning.

1)

Outside the Warehouse was the “Air extractor’
warning, which stated “Danger, inhalation hazard,
start air extractor before entering the room” (see Fig-
ure 5).

Figure 5. A screen shot of the VE showing the “Air extractor”
warning.

The VE was modeled in Autodesk 3dsMax v2009
and exported through the plugin OgreMax v1.6.23 to
be presented by the ErgoVR system [12].

The scenario was presented in the context of an
end-of-day routine security check, in which the given
task required the participants to explore the premises
in order to connect/disconnect safety equipment for
the night period. ISO type signs signalized the safety
equipment.

2.6. Procedure

All participants were required to complete an in-
formed consent form and were briefed on the experi-
ment’s requirements by the researcher. Each partici-
pant, in order to become familiarized with the VR
devices and the interaction in VEs, accomplished a
practice session. After that, the experimental trials
were started. All participants were requested to ac-
complish a mission consisting in a series of end-of-
day routine security checks that simulated a security
officer closing up of a company’s facility at the end
of a workday.

Participants were tested individually and the entire
procedure lasted about 40 minutes. After the experi-
mental session, the participants watched a video of
their interaction with the VE and were invited to ex-
plain their behavior when they were facing the du-
bious situation.

2.7. Measures

The two dependent variables considered in this
study describe the participants’ compliance, i.e., if
the participants acted in conformity to the instruc-
tions given by the warnings, that is, to push buttons
associated to the warnings’ panels. The recorded va-
riables were:

(1) Compliance with “Laser + Qut-of-order”
warning: this is a dichotomous variable that
takes the value 1 if the participant pushed the
button that had the purpose of turning off a la-
ser (such an action was required before enter-
ing the room where the laser was present) and
takes the value 0 otherwise.

(ii) Compliance with “Air extractor” warning:
similar to the previous one but regarding the
air-extractor and it was positioned on the side
of the warehouse’s door.

As a complementary measure, it was also
checked whether or not the participant entered the
laboratory’s room.
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3. Results

The statistical analysis was performed in [IBM®
SPSS® Statistics v19. An alpha criterion of .05 was
used for establishing statistical significance for all
tests.

Table 1 shows the absolute and relative frequen-
cies of compliance values for both warnings, “Laser”
and “Extractor”, by experimental condition (i.e., stat-
ic and dynamic), according to each gender and glo-
bally.

Table 1. Counts and percentages of those that complied with static
and dynamic, for both genders and globally

Static Dynamic

Masc.  Fem. Total Masc. Fem Total
N=15 N=15 N=30 N=15 N=15 N=30

Laser 0 1 1 5 11 16
(0%)  (6.7%) (3.3%)  (333%) (73.3%) (53.3%)
Extractor 13 10 23 15 15 30

(86.6%) (66.7%) (76.7%) (100.0%) (100.0%) (100.0%)

3.1. Compliance with “Laser + Out-of-order”
warning

The results from the “Laser + out-of-order” warn-
ing showed a reduced compliance in the static condi-
tion when compared to the dynamic one (see Figure
6) and a lower compliance for males than females
(see Table 1). In the dynamic condition, among the
participants that turned off the laser, 11 were females
and the remaining three were males. A woman was
the only participant that complied in the static condi-
tion. Moreover, only two participants refused to enter

the laboratory, both indexed to the dynamic condition.

Laser + out-of-order warning

304 = Compliance
[ No
W ves
o 20
E
2
v
10+
(+
Static Dynamic

Figure 6. Compliance with “Laser + out-of-order” warning for
static and dynamic experimental conditions.

Two chi-square tests for homogeneity were used to
evaluate the effect of the warnings’ salience, as well

as gender on the compliance with the “Laser + out-
of-order” warning. The results show that there was a
significant effect of warnings’ salience on com-
pliance (x*(1) = 15.0, p <.001). Moreover, the pro-
portion of participants that had complied in the dy-
namic condition was significantly greater than in the
static one. The gender had also proved to have a sig-
nificant effect on compliance (x*(1)=7.2, p =.015),
being that the proportion of females that complied
with the warnings was higher than the males’ results.

3.2. Compliance with “Air extractor” warning

The results from the “Air extractor” warning
showed, similarly to the results found for the “Laser
+ out-of-order” warning, a more reduced compliance
in the static condition when compared to the dynamic
one (see Figure 7). In the dynamic condition, all the
participants pushed the “Air extractor” button (15 of
each gender) and in the static one, among those that
had complied, 13 were males and 10 females. The
differences on compliance between genders are not as
clear as on the case of the previous warning, since
males and females show similar values of compliance.

Air extractor warning

30 Compliance
[ No
B ves
o 20+
g
=
=
&
10+
0 [o]
Static Dynamic

Figure 7. Compliance with “Air extractor” warning, for static and
dynamic experimental conditions.

Two chi-square tests for homogeneity were used to
evaluate the effect of the warnings’ salience and
gender on the compliance with the “Air extractor”
warning. The results showed that there was a signifi-
cant effect of warnings’ salience in compliance
(x*(1)=17.9, p<.011) but the gender did not have a
significant effect on the compliance (y*(1)=1.5,
p =.424). In what concerns the warnings’ salience,
the proportion of participants that complied in the
dynamic condition was significantly higher than in
the static one.
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3.3. Comparison between the “Laser + out-of-order”
and the “Air-extractor” warnings

After assessing the effect of gender and signs’ sa-
lience on the compliance with each warning, the
compliance scores attained by the two warnings were
also compared. Figure 8 depicts the values of com-
pliance for both warnings in static and dynamic expe-
rimental conditions.

For each experimental condition, the McNemar
test was used to evaluate if the proportion of partici-
pants who complied with the “Laser + out-of-order”
warning is significantly lower than the proportion of
participants that complied with the “Air-extractor”
warning. The expected behavior towards the two
warnings (i.e., participants are expected to comply
more with the “Air-extractor” than with the “Laser”
warning), due to the dubious information conveyed
by the “out-of-order” sign, supported the adoption of
one-tailed tests.

Compliance Byes "no
30 0
25 !
16

20
E 2

.

3

0 —le=

Laser Extractor Laser Extractor
Static Dynamic

Figure 8. Compliance for both warnings in static and dynamic
experimental conditions.

As expected, the results of McNemar test showed
that the proportion of participants who complied with
the “Laser + out-of-order” warning was significantly
lower than the proportion of participants who com-
plied with the “Air-extractor” warning for both expe-
rimental conditions (static: x*(1) = 18.375, p < .001,
one-tailed; dynamic: y*(1)=14.062, p<.001, one-
tailed).

4. Discussion

The results reveal that in the presence of a static
warning, almost all the participants decided to not
comply with the “Laser + out-of-order” warning. But,
when exposed to a dynamic warning the participants
complied more than if it was static (almost 50%
complied). Furthermore, participants indexed to the

dynamic condition stated, in the post-hoc interview,
that they felt unsecure, mainly bearing in mind the
level of risk involved and the severity of the conse-
quences (i.e., they had many doubts about the real
state of the laser device and they felt they could be in
danger) and that such perception had contributed to
their decision favoring the button switch pressing.
This suggests that participants might have considered
the existence of a technological linkage between the
device and the warning, and that they have consi-
dered that an active warning means an active laser
beam. Inversely, the participants indexed to the static
condition stated that they had no reason to question
the fact that the laser device was broken. Therefore,
they had decided that they did not need to push the
button associated to it. Moreover, the majority of the
participants, indexed to both experimental conditions,
and regardless of their behavior, also stated that they
had also visually inspected the laboratory room, from
outside, in order to find out if the laser beam was
functioning or not. Thus, apparently, the uncertainty
had resulted in a precautionary behavior.

When comparing the participants’ behavior regard-
ing another warning presented in the VE (i.e., the
“Air extractor”), but not supplemented with the “out-
of-order” sign, the results show that the participants
complied significantly more with the latter warning.
This suggests that the “out-of-order” sign had nega-
tively influenced compliance with the “Laser” warn-
ing, which is not a surprising finding considering that
compliance could have been considered by partici-
pants as doing nothing because the device was broken.

Although the gender-based differences associated
with warnings effectiveness are not entirely clear, the
gender effect on compliance was assessed. Previous
studies found that females were more likely to read
and comply with warnings [e.g., 2, 4, 22, 23]. Also,
in a study using a computer-simulated underground
mine, Glover and Wogalter [3] found that females
comply with warnings more than males. Results at-
tained for the “Laser + out-of-order” warning corro-
borate such findings, suggesting that females comply
more and are more cautious than males. However,
regarding the “Air extractor” warning no significant
gender differences were found. Nevertheless the re-
sults about gender-differences on risk perception are
also inconsistent in literature, this variable can be one
explanation for such a difference between genders, as
pointed out by several studies suggesting that males
tend to report lower risk perception than females
[e.g.,6,8,9].
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5. Conclusions

No generalization of this study’s results is appro-
priate due to the limitations presented. The major
issue is that this study was not specifically designed
for testing conflicting warning messages. Therefore,
the study’s experimental design, the VE and the sce-
nario may have serious drawbacks that may lead to
biased interpretations of the attained results. Moreo-
ver, the study involved a VR-based simulation. Al-
though VR has promising benefits for cognitive re-
search, namely for research on warnings [14], the fact
is that the simulation might have affected the partici-
pants’ behavior. In this respect, we can argue, on the
one hand, that the participants were less cautious be-
cause they were in a simulation and, therefore, the
perceived hazardousness could have been lower than
it would be expectable in real-world settings; on the
other hand, we can argue that the participants were
more cautious due to the fact that they knew that they
were in an experimental study. In spite of these
drawbacks, it is relevant to report such results, as
well as discuss them in order to design future studies.

Several theoretical approaches address these types
of complex problems. In a Judgment and Decision
Making approach [13], we can question about the
judgment of the situation, “how do people integrate
multiple, incomplete, and, sometimes, conflicting
cues to infer what is happening in the external
world?”, and “how do people choose what action to
take in order to achieve changeable, sometimes con-
tradictory goals in an uncertain world?” Regarding
the out-of-order sign, it is clear that the subjects had
try to integrate the conflicting cues, and the visual
inspection undergone in the laser room, is a clear
proof of this fact. Concerning the opposing goals in
the decision making after this type of judgment, the
participants’ goals were to avoid getting hurt by the
laser, as well as to disconnect the laser.

In a perspective of a Naturalistic Decision-making
model, for an accurate decision, one of the most im-
portant factors in the decision process is the situation
awareness [7,24]. Many of the errors that occur in
several situations are related not with the incorrect
action selection, but with the incorrect awareness of
the situation [17]. Using this perspective, the aware-
ness in the out-of-order sign differs according to the
type of sign, i.e., for the static and dynamic signs.

Regarding the decision making process in risky
situations and in uncertain environments, several au-
thors [1,5] refer to the framing effects. That is,
changes — which can be attributable to wording mod-

ifications — that occur in the decision-maker’s percep-
tion of the expected utility associated to alternative
decisions, and thus bias his/her judgment. Therefore,
the frame that a decision-maker adopts is the result of
the influence of the formulation of the problem, as
well as of the norms, habits, and personal characteris-
tics. Like this, the static and dynamic warnings confi-
gure different types of framings of the situation,
which had forced the participants to activate diverse
types of awareness levels of the situation, and thus,
different types of decision, i.e., whether they should
have pressed the button or not.

From the differences found between the static and
dynamic warnings, one can assume that the more
salient (dynamic) warnings promoted higher com-
pliance than the static counterparts. Nonetheless, with
the present report, it is not possible to determine, with
certainty, which cues were considered by the partici-
pants and why they may have sustained their reason-
ing. Supplementary work might compare the same
“Laser” hazard warning without the “out-of-order”
sign in order to examine the impact of such an addi-
tional message on behavioral compliance.

Additionally, the attained results indicate that,
when facing a potentially conflicting warning mes-
sage, females show higher compliance and a more
precautionary behavior than the males. These gender-
based differences seem to be consistent with some
previous studies. However, further analysis is neces-
sary in order to gain insights about the reasons under-
lying such differences. Variables such as individual
traits (e.g., indecisiveness, sensation seeking), trust in
technology, self-efficacy, familiarity, among others
should be examined because personal factors can
have an influence in the framing effects [1, 5].

Because of the reasons stated above, this should be
viewed as a preliminary exploratory study. Despite
these considerations, this study sheds light on the
importance of examining conflicting warning mes-
sages, as well as raises some concerns regarding how
such an issue should be considered for dynam-
ic/multimodal warnings. Conflicting and ambiguous
warning messages are an important, although scarce-
ly studied issue. This type of research is relevant for
research on warnings effectiveness.
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