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a b s t r a c t
Introduction: The present research explores how and why anger and fear inﬂuence driving risk perception.
Methods: Based on appraisal tendency framework, researchers hypothesized that anger and fear would inﬂuence
driving risk perception in opposite directions due to their differences in appraisals. Results: Study 1 showed that
anger reduced risk perception, whereas fear increased it. In Studies 2, 3, and 4, the researchers adopted the
paradigm of reappraisal to investigate the causes of the opposite effects found in Study 1. Consistent with our
hypothesis, appraisals accounted for these effects: After reappraisals along the dimensions of certainty (Study 2),
control (Study 3), and responsibility (Study 4), the different effects between anger and fear on driving risk perception diminished or disappeared. In addition, fearful or angry experience mediated the effects of reappraisals on driving risk perception. Impact on industry: The ﬁndings highlight the necessity to differentiate anger and fear in road
safety management. Additionally, the current research also provides feasible methods (e.g., certainty, control, or
responsibility reappraisal) to intervene in driving risk perception, which is important for driving safety.
© 2013 National Safety Council and Elsevier Ltd. All rights reserved.

The increasing number of trafﬁc accidents all over the world (Bureau
of Trafﬁc Management, PRC, 2011; United Nations Economic Commission
for Europe, 2011) heightens the need for identifying the causes of driving
risk. A large volume of studies describe the signiﬁcant role of emotion and
its effects on driving (e.g., Deffenbacher, Lynch, Oetting, & Yingling, 2001;
Hu, Xie, & Li, 2013; Mesken, Hagenzieker, Rothengatter, & de Waard,
2007; Rhodes & Pivik, 2011; Taubman-Ben-Ari, 2012). In daily life, drivers
inevitably experience various emotions, and anger and fear are among the
most frequent ones (Mesken et al., 2007; Taylor, Alpass, Stephens, &
Towers, 2011). Driving anger, also known as road rage, troubles drivers
to a large extent (Dula & Geller, 2003). Fear, however, is prevalent
among the less experienced or less skillful drivers (Taylor, Deane, &
Podd, 2002, 2007). Thus, research focus should be put on the question
that how anger and fear, the two common emotions in driving, inﬂuence
driving risk perception.
Categorizing emotions into positive and negative ones is a traditional
way to examine the impacts of emotions on driving risk perception (Hu
et al., 2013; Taubman-Ben-Ari, 2012). The emotions that make people
feel good are classiﬁed as positive, whereas those eliciting bad feelings
are classiﬁed as negative (Watson, Clark, & Tellegen, 1988). Anger and
fear, both categorized as negative emotions, are assumed to similarly
affect driving risk perception. However, little empirical evidence exists
to shed light on whether all negative emotions inﬂuence driving risk
perception in the same way. Consider being involved in a quarrel with
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China. Tel.: +86 10 62759999; fax: +86 10 62761081.
E-mail address: xiaofei@pku.edu.cn (X. Xie).

a good friend before driving home. In such a situation, how likely
would you think that you would be involved in a potential trafﬁc accident? Additionally, suppose that you witness a trafﬁc accident while
driving and, from then on, are gripped by fear. In this case, how would
you perceive driving risks? Therefore, we seek to address the questions:
Do anger and fear affect driving risk perception similarly or oppositely?
And why do such effects emerge?

1. How anger and fear inﬂuence risk perception
Risk perception, deﬁned as intuitive risk judgment, plays a crucial factor in decision making (Slovic, 1987). Only if people are able to perceive
risks is it possible for them to avoid risks and make sensible decisions.
Slovic (1987) divided risk perception into two factors: The ﬁrst is
dread risk, which is uncontrollable, dread, catastrophic, and involuntary;
and the second is unknown risk, which is unobservable, unknown, and
new. The higher a hazard scores on both factors, the more risks people
perceive.
Risk perception is also a focus of attention in the transportation ﬁeld
(e.g., Hu et al., 2013; Lund & Rundmo, 2009; Mesken et al., 2007;
Nordfjærn, Jørgensen, & Rundmo, 2011; Nordfjærn & Rundmo, 2009),
and it is a factor correlating with driving behaviors (Rundmo & Iverson,
2004). Previous studies showed that emotion was a key factor in determining risk perception in both the non-transportation (Loewenstein,
Weber, Hsee, & Welch, 2001; Slovic, Finucane, Peters, & MacGregor,
2004) and transportation ﬁelds (Hu et al., 2013; Mesken et al., 2007;
Taubman-Ben-Ari, 2012).
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2007; Lerner & Keltner, 2000, 2001). More exactly, each emotion differs
on the appraisals of certainty, control, pleasantness, attentional activity,
anticipated effort, and responsibility (Ellsworth & Smith, 1988; Smith &
Ellsworth, 1985). Such appraisals, in turn, determine how people with a
speciﬁc emotion make future judgment (Han et al., 2007; Lerner &
Keltner, 2000, 2001). The differences between two emotions in appraisals contribute to their differential effects on subsequent perception
(Han et al., 2007; see also Boniﬁeld & Cole, 2007; Winterich, Han, &
Lerner, 2010; see the central panel in Fig. 1 for a conceptual model).
Regarding anger and fear, ATF assumes that they are located
differently on the dimensions of certainty and control (Lerner &
Keltner, 2000, 2001; Smith & Ellsworth, 1985). Certainty refers to
the extent to which individuals perceive a situation as predictable
or unpredictable. Control refers to the degree to which the cause of
an outcome can be attributed to individual or situational factors
(Lerner & Keltner, 2000; Smith & Ellsworth, 1985). Past research
found that high certainty and individual control are associated with
anger, whereas uncertainty and situational control are connected
with fear (Lerner & Keltner, 2000; Smith & Ellsworth, 1985). In addition, one of the characteristics of uncertainty is unobservable, which
is also a feature of high unknown risk in Slovic's (1987) “two-factor
model”. Situational control, however, contributes to high dread risk.
Therefore, anger appears to reduce risk perception whereas fear increases the perception of risk.
Notably, ATF overlooks the difference between anger and fear in the
appraisal of responsibility, which accounts for who (self vs. others) should
be responsible for initiating an emotion-inductive event (Lerner &
Keltner, 2000; Smith & Ellsworth, 1985). Although both responsibility
and control identify the cause of an event, they are indeed different by
deﬁnitions. In particular, control differentiates individual and situational
factors, whereas responsibility focuses only on the individual factors and
identiﬁes self or other as the causes. Smith and Ellsworth (1985) showed
that angry people were high in other-responsibility, whereas fearful ones
were only moderately high. Notably, high other-responsibility means a

There are two competing theories for the roles of anger and fear
on risk perception. Scholars from a valence-based perspective advocated labeling emotions as either positive or negative, and examining
these valence effects on risk perception. Key ﬁndings from this approach were that negative emotions elevated risk perception, whereas positive ones decreased it (Johnson & Tversky, 1983). Applying this
perspective into driving research, researchers found similar results
such that negative emotions increased risk perception compared
with positive and neutral ones (Hu et al., 2013). From these results,
however, it is difﬁcult to draw a distinct line between anger and
fear, as both are categorized as negative emotions. All we can do is
to assume that because both anger and fear belong to negative emotions, they would similarly elevate driving risk perception.
By contrast, appraisal tendency framework (ATF; Han, Lerner, &
Keltner, 2007; Lerner & Keltner, 2000, 2001), which contends that
the research focus should be put on speciﬁc emotions beyond valence, makes the exactly opposite predictions. ATF presumes that
though of the same valence, anger and fear differently affect risk perception. For instance, anger promoted more optimistic assessments
for future events relative to fear (Lerner & Keltner, 2000). These ﬁndings
were replicated in both laboratory and ﬁeld studies (Fischhoff,
Gonzalez, Lerner, & Small, 2012; Lerner, Gonzalez, Small, & Fischhoff,
2003; Lerner & Keltner, 2001). In line with ATF, fearful drivers should
be prone to feel higher risk levels; angry drivers, however, may feel
lower risk levels. Consistent with this prediction, anger was found to
induce poor driving behaviors (e.g., Abdu, Shinar, & Meiran, 2012;
Arnett, Offer, & Fine, 1997; Mesken et al., 2007) and cause accidents
(Underwood, Chapman, Wright, & Crundall, 1999).
2. Why anger and fear inﬂuence risk perception
Why do the aforementioned opposite effects emerge such that anger
reduces driving risk perception whereas fear increases it? According to
ATF, an emotion is triggered by certain appraisals of an event (Han et al.,
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deﬁnite cause of an event, thus it is characterized by voluntary, which reduces dread risk. Therefore, we hypothesize that angry people would
perceive less risk than fearful ones.
Based on the above reasoning, we assume that the opposite effects
of anger and fear on risk perception are attributable to the differences
between the two emotions in the appraisals of certainty, control, and
responsibility. Lerner and Keltner (2001) evidenced the role of control but failed to verify the effects of certainty and responsibility.
The current research aims to provide evidence for the roles of certainty, control, and responsibility in determining the ways that anger and
fear inﬂuence driving risk perception.
3. The present research
The goals of the present research were twofold: to examine the opposing effects of anger and fear on driving risk perception and to explore
the underlying causes for these effects. Speciﬁcally, we hypothesized that
the differences between anger and fear in the appraisals of certainty,
control, and responsibility led to the opposite effects. To this end, we experimentally manipulated certainty, control, and responsibility in order
to diminish the differences between anger and fear in such appraisals.
If the opposite effects were caused by appraisals, we predicted that the
emotional experience of anger or fear would be weakened after manipulations on these appraisals, and that this would lead to lessening or
complete elimination of difference in risk perception.
Inspired by the literature of emotion regulation, we adopted the
reappraisal paradigm to manipulate appraisals. Reappraisal, by
which individuals cognitively reevaluate an event so that they experience less emotional responses (Gross, 1998a), is one of the commonly used strategies in emotion regulation (e.g., Blechert, Sheppes,
Di Tella, Williams, & Gross, 2012; Denson, Grisham, & Moulds, 2011;
Gross, 1998a; Gross & John, 2003; McRae, Ciesielski, & Gross, 2012;
Shiota & Levenson, 2012; Urry, 2009). It is noteworthy that
reappraisal is characterized by its decreasing impacts on both emotional experience and behavioral expression (Gross, 1998a,b, 2001).
Thus, when encountering an emotion-inductive event, the emotional
response of people who reappraise an event is less strong than that of
those who do not. The weakened experience of emotion then leads to
less behavioral response (see the upper panel in Fig. 1 for emotion
regulation model proposed by Gross, 1998a). Following this logic,
we asked drivers to imagine an anger/fear-inductive event and then
reappraise the situations along the dimensions of certainty, control,
and responsibility. If appraisals accounted for the opposite effects of
anger and fear on risk perception, the change in appraisals would bring
about the change in emotional experience, and thus, risk perception.
To summarize, we aimed to examine the opposing effects of anger
and fear on driving risk perception in Study 1. Speciﬁcally, drivers
were primed with anger, fear, or neutral emotion, and their driving
risk perception was assessed. In line with ATF, we hypothesized that
anger would reduce risk perception, whereas fear would increase it.
Study 2 (certainty), Study 3 (control), and Study 4 (responsibility)
examined the roles of appraisals by employing the paradigm of
reappraisal. Drivers were asked to read the articles aiming to elicit
anger or fear, with or without reappraisal instructions. Both emotional experience and driving risk perception were measured (see the
bottom panel in Fig. 1). We hypothesized that the difference between
anger and fear on risk perception would no longer exist or at least be
reduced after certain reappraisals, and that emotional experience mediated the relationship between reappraisal and risk perception.
4. Study 1: The opposite effects of anger and fear
We aimed to explore how anger and fear inﬂuence driving risk perception. Driver participants were randomly assigned to anger, fear, or
neutral condition, and their risk perception including both cognitive
and affective components (Rundmo & Sjöberg, 1998) was assessed.
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We hypothesized that compared with neutral emotion, anger reduced
risk perception but fear increased it.
4.1. Method
4.1.1. Participants and design
Ninety-seven drivers (55 men, 42 women, Mage = 35.61 years,
SD = 9.81, Mdriving experience = 5.59 years, SD = 4.38) participated. A
one-factor between-participants design was employed, with primed
emotion (anger/neutral/fear) serving as the independent variable
and risk perception serving as the dependent variable. Control variables included age, gender, driving experience, type of profession,
level of education, type of vehicles, average weekly driving miles, average weekly driving days, and the number of trafﬁc accidents in the
past year.
4.1.2. Emotion induction
Short articles were used to elicit emotions (Hemenover & Zhang,
2004; Raghunathan & Pham, 1999). Participants were randomly
assigned to one of the three following conditions: anger (N = 34),
fear (N = 34), or neutral (N = 29). In the anger condition, the article
was about conﬂict between another driver and “I”. Participants were
required to read as the following part:
I have been held in the trafﬁc jam for more than half an hour on my
way home. As soon as I ﬁnally get out of the trafﬁc jam, a car from the
lane next to me, which has been driving at a slower speed, all of a
sudden forces its way in front of me and slows down after it gets its
way. I have to brake urgently to avoid scraping against the car. It
keeps driving on at a speed even lower than it should be in the
smooth trafﬁc. Finally, grasping a chance, I speed up and drive past
the car. At the moment of passing the car, I glance at the driver, noticing that he is driving with a cell phone at one hand, without realizing
that he has been inﬂuencing the trafﬁc. His car does not seem to have
a problem at all. There is another trafﬁc jam soon and I have to slow
down and manage my way forward. At this time, the car behind me
begins to hoot its horn and ﬂash incessantly. The car lights reﬂected
in the rear windows are sharp and the loud noise of the horns bothers
me greatly. I am reaching the limit of my patience. Despite the troubled mood, I could not speed up or make room for other cars because
of the limited road conditions, so I have to endure the rude urges of
the car behind me. When I get a chance to glance back at the car right
behind me, I ﬁnd out that it is the very car that I overpassed a while
ago…and right at that moment, the driver of the car is looking right
at me. With an aggressive and disdainful look, he even opens the window and curses at me…
In the fear condition, the article was about a trafﬁc accident.
Participants read about:
On the way back to the city from a day-trip, I am driving on a winding
mountain road. Right at the moment of making a turn, all of a sudden,
I hear a great sound “Bomb!” And then my friends start screaming. I
feel that we've hit something severely and we begin to crash down
the hill. Then I lose my consciousness and cannot recall anything else
afterwards. After I revive, I feel sticky all over and then I realize that it
is all my blood. I am covered and surrounded by pieces of broken
glasses. The car doors are twisted. My legs are stuck in the car. I cannot move as it hurts so much. I feel the twists of pain all over and cannot see anything as well. I can only hear that my friends are moaning;
some of them are breathing heavily. I try to talk to them, but I am only half conscious and it prevents me from doing so. It is completely
dark inside the car. All I hear is the moans of pain and all I smell is
the mixed air of blood and mud. I do not know where I am, how badly
I am injured, or how my friends are doing. Suddenly, the car shakes
with great force. I seem to hear the sound of branches breaking off.
It seems that the car is hanging in the middle of the sky and will fall
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off at any moment. In a car without even a slight beam of light, life or
death seems to be a matter of fate…
In the neutral condition, participants read an introduction about
the library of Peking University. Presented in Chinese, all the passages
were approximately of the same length. In the conditions of anger
and fear, participants were asked to imagine that they were the
heroes in the story and to vividly experience the events of the story.
4.1.3. Procedure
Participants ﬁrst took the emotion baseline test. Immediately after
reading the articles and completing the manipulation checks, they
took measures of risk perception and ﬁlled in a questionnaire about
the control variables. At last, they were thanked and debriefed.
4.2. Measures
4.2.1. Emotion baseline
Participants rated their emotion on 11-points scales (pleasantunpleasant, tense-relaxed, vigorous-tired, and feeling bad-feeling good;
Hu et al., 2013; Cronbach's α = .80). The average score of the 4
items was used as the index of emotion baseline.
4.2.2. Manipulation checks
Participants reported how much they felt angry and fearful respectively on an 11-point scale (0= do not feel the emotion at all, 10= feel
the emotion extreme strongly) after reading the articles.
4.2.3. Risk perception
Participants were presented with three trafﬁc accidents with different
causes (i.e., alcohol, speeding, or jumping a red light). For each accident,
they rated the probability to be involved in (0=extremely unlikely,
10=extremely likely) and the level of their worry about it (0=do not
worry at all, 10=extremely worry) on 11-point scales. The average score
of the 6 items was used as the index of risk perception (Cronbach's αs
of the overall scale and two subscales were .84, .74, and .84). Higher scores
indicated higher risk perception.
4.3. Results and discussion
A one-way analysis of variance (ANOVA) on emotion baseline revealed no signiﬁcant difference among the anger (M=.63, SD=2.10),
fear (M=1.05, SD=1.52), and neutral (M=1.29, SD=1.60) conditions,
p>.30, indicating that participants in three conditions did not differ in
emotion baseline. Moreover, a one-way ANOVA was conducted on
manipulation checks. Results revealed that participants in the three
conditions differed in both anger and fear, F(2, 94)=87.28, pb .001,
F(2, 94)=120.15, pb .001. Speciﬁcally, participants in the anger condition
(M=6.50, SD=1.73) felt more angry than those in the fear (M=2.00,
SD=2.54) and neutral (M=.28, SD=1.31) conditions (psb .001). In
addition, participants in the fear condition (M=6.21, SD=1.95) felt
more fearful than those in the anger (M=1.38, SD=1.95) and neutral
(M=.14, SD=.58) conditions (psb .001). Therefore, the results demonstrated a successful manipulation of emotion induction.
Next, Pearson correlation tests showed that risk perception was
inﬂuenced by gender (r=- .26, pb .05) alone among all control variables:
Men drivers perceived more risks than women drivers. Most importantly, after controlling for gender, F(1, 93) = 8.43, p b .01, η 2 = .08, risk
perception was affected by emotion, F(2, 93) = 31.16, p b .001,
η 2 = .40. Speciﬁcally, fearful participants (M = 5.67, SD = 1.61) had
higher scores than neutral ones (M = 4.42, SD = 1.40), MD = 1.25,
p b .001, whereas angry participants (M = 3.03, SD = 1.15) had
lower scores than neutral ones, MD = -1.34, p b .001. As hypothesized, anger reduced driving risk perception, whereas fear increased
it, highlighting the signiﬁcance of distinguishing anger and fear in
driving scenarios.

It should be noted that regarding the assessment of risk perception, participants rated the possibility that they were involved in the
trafﬁc accidents caused by factors such as alcohol. Nevertheless,
some drivers never drink but others drink frequently. To ensure that
different levels of risk perception were caused by the discrete emotions per se rather than other factors such as the frequency of drinking, three accidents described by severity of consequences were
adopted in the subsequent studies. Moreover, Study 1 showed that
risk perception was inﬂuenced by gender alone among the multiple
control variables, making it reasonable to exclude all other control
variables in the subsequent studies.
5. Study 2: The role of certainty
In Study 2, we focused on the role of certainty in the opposite effects
found in Study 1. We attempted to verify that certainty was one of
the causes that are responsible for such opposite effects. Drivers were
instructed to read the emotion-inductive articles. Before the emotions
had been fully generated, we adopted the reappraisal paradigm in order
to reduce the difference in certainty between anger and fear. More specifically, participants reading the conﬂict article were asked to reappraise
the situation in order to reduce their sense of certainty. To the opposite,
those reading the accident article were asked to reevaluate the situation
to increase their sense of certainty. According to our reasoning, the
reappraisal task would reduce emotion experiential responding (i.e., people felt less angry or less fearful), which in turn diminished the difference
between anger and fear on risk perception.
5.1. Method
5.1.1. Participants and design
One-hundred and fourteen drivers (66 men, 45 women, 3 unreported,
Mage =35.57 years, SD=8.97) were randomly assigned to conditions
in a 2 (emotion: anger/fear) × 2 (certainty regulation: reappraisal/
non-reappraisal) between-participants design. Risk perception served
as the dependent variable, emotional experience served as the potential
mediator, and gender served as the control variable.
5.1.2. Manipulations of independent variables
Participants in the anger (N = 54) and fear (N = 60) conditions
read the articles used in Study 1. Immediately after, participants in
the anger-reappraisal condition (N = 28) read about:
At the moment, I curse back without hesitation. Quite contrary to my
expectation that the driver would start quarreling with me, he does
not give any more response. I am wondering: Is the conﬂict ﬁnished?
Or is he looking for another chance to “revenge” me? In fact, I have no
idea what he will do and I cannot predict what would happen
afterwards.
However, participants in the fear-reappraisal condition (N = 30)
read about:
At the moment, I am sure that I clearly hear the sirens of the
ambulance and that the sirens are approaching where we are. Therefore, I know for sure that my friends and I will be rescued.

5.1.3. Procedure
Participants ﬁrst took the emotion baseline test. Next, they were
asked to read the articles. Afterwards, they took measures of emotional
experience, risk perception and they completed manipulation checks.
Finally, participants ﬁlled in a questionnaire about their demographic
information and then they were thanked and debriefed. They were offered chances to win a cell phone card with a value of 50 RMB
(renminbi).
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5.2. Measures
5.2.1. Emotion baseline
Identical to Study 1 (Cronbach's α = .84).
5.2.2. Emotional experience
Participants rated how much they felt angry and fearful after reading the materials on an 11-points scale (0 = do not feel the emotion at
all, 10 = feel the emotion extreme strongly).
5.2.3. Risk perception
According to Hu et al. (2013), participants were presented with
three trafﬁc accidents of different levels, which were serious, moderate and slight. A brief description was provided for each level of accidents. Participants rated their risk perception, which was identical to
Study 1 (Cronbach's αs of the overall scale and two subscales were
.68, .56, and .69).
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(certainty regulation) ANOVA. As a result, there was a marginal main
effect for emotion, F(1, 110)=3.05, p=.083, η2 =.03. In general, fearful
participants (M=4.69, SD=1.70) perceived more risks than angry ones
(M=4.17, SD=1.78). Of our great interest, as illustrated in Fig. 3, a
predicted interaction between emotion and certainty regulation emerged,
F(1, 110)=17.64, pb .001, η2 =.14. Speciﬁcally, in the non-reappraisal
group, angry participants (M=3.64, SD=1.55) perceived less risk than
fearful ones (M=5.45, SD=1.58), F (1, 54)=18.55, pb .001; in the
reappraisal condition, however, the difference between anger and fear
no longer existed, p>.05, indicating that it was certainty that triggered
the opposite effects of anger and fear on risk perception.

6. Study 3: The role of control

5.2.4. Manipulation checks
In the anger condition, participants rated the extent to which they
could predict what would happen between the other driver and
them. Likewise, in the fear condition, they indicated the extent to
which they could predict that their friends and themselves would be
ﬁnally rescued on an 11-point scale (0= unable to predict, 10= fully
predict).

We focused on the role of control in Study 3. The logic was similar
to Study 2. Drivers were instructed to read the emotion-inductive articles and to reappraise the scenarios along the appraisal of control.
Speciﬁcally, participants who read the conﬂict article were asked to
reappraise the situation in order to reduce their sense of control. By
contrast, those who read the accident article were asked to reappraise
the situation to increase their sense of control. We assumed that the
different effects between anger and fear on risk perception would diminish or even vanish because emotional experience was weakened
after such reappraisal.

5.3. Results and discussion

6.1. Method

Before emotion induction, participants in the anger and fear conditions did not differ in emotion baseline, Fb 1. In addition, a 2 (emotion)×2
(certainty regulation) ANOVA was conducted on manipulation checks.
Results revealed a main effect for emotion, F(1, 110)=19.01, pb .001,
η2 =.15. Compared with fearful participants (M=3.30, SD=2.88),
angry ones (M=5.41, SD=2.79) felt more certain. More importantly,
we observed an interaction between emotion and certainty regulation,
F(1, 110)=19.31, pb .001, η2 =.15. In the anger condition, people who
reappraised the event (M=4.75, SD=3.28) perceived marginal less
certainty than those who did not (M=6.12, SD=1.95), F(1, 52)=3.39,
p=.071. In the fear condition, conversely, people who reappraised the
event (M=4.77, SD=3.13) felt certain more than those who did not
(M=1.83, SD=1.64), F(1, 58)=20.71, pb .001. Thus, the manipulation
of certainty regulation was successful.
Next, we conducted a mediation analysis (Baron & Kenny, 1986)
for angry drivers. Consequently, angry experience did not mediate
the effect of certainty reappraisal on risk perception. Similarly, a mediation analysis was also conducted for fearful drivers. We found that
fearful experience partially mediated the relationship between certainty reappraisal and risk perception (Sobel test, Z = - 1.45, p b .05). We
depict the mediation results in Fig. 2. Because certainty was more meaningful for fear than for anger (Smith & Ellsworth, 1985), the mediation
effect of fear was signiﬁcant whereas the mediation effect of anger did
not reach a signiﬁcant level.
Last, we examined whether certainty reappraisal could reduce the difference between anger and fear on risk perception. A Pearson correlation
analysis revealed no signiﬁcant effect between gender and risk perception, p>.40. Scores of risk perception were submitted to a 2 (emotion)×2

6.1.1. Participants and design
Participants were 114 drivers (78 men, 31 women, 5 unreported,
Mage =34.14 years, SD=7.31) and they were randomly assigned to conditions in a 2 (emotion: anger/fear)×2(control regulation: reappraisal/
non-reappraisal) between-participants design.

-.28*

6.1.2. Manipulations of the independent variables
Participants in the anger (N = 55) and fear conditions (N = 59) read
the same articles in Study 1. Afterwards, participants in the angerreappraisal condition (N = 30) read about:
A moment ago, the driver has been in uncomfortable mood in the course
of driving, and he experienced an extremely short consciousness disturbance. Therefore, his aggressive behavior was not controlled by anyone
including himself.
Whereas participants in the fear-reappraisal condition (N = 30)
read about:
Because I am a professional rescuer of an emergency rescue center
and I have a lot of safety emergency knowledge and practical safety
rescue experiences, I am fully capable of successfully getting my
friends and me out of the danger.

6.1.3. Procedure
Identical to Study 2.

Fearful experience

.23

Certainty reappraisal
(1= reappraisal, 0=
non-reappraisal)

- .39** (- .45***)

Risk perception

Fig. 2. Mediation analysis for fear condition (Study 2). Standardized regression coefﬁcients and their signiﬁcance are reported. The total effect of certainty reappraisal on risk perception is
reported in parentheses, and the coefﬁcient when the fearful experience is included in the regression is reported below the arrow. *** pb .001. ** pb .01. * pb .05. † pb .10.
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7

Anger

condition, anger (M =3.60, SD=1.65) reduced risk perception whereas
fear (M= 5.48, SD = 1.33) increased it, F (1, 55) = 22.45, pb .001; in the
reappraisal condition, these two emotions had similar effects, Fb 1.
Therefore, the appraisal of control was one of the reasons that caused
the opposite effects of anger and fear on driving risk perception.
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Fig. 3. The effect of emotion and certainty regulation on risk perception (Study 2).

6.2. Measures
6.2.1. Emotion baseline
Identical to Study 1(Cronbach's α = .84).
6.2.2. Emotional experience
Identical to Study 2.
6.2.3. Risk perception
Identical to Study 2 (Cronbach's αs of the overall scale and two
subscales were .71, .54, and .69).
6.2.4. Manipulation checks
In the anger condition, participants rated the extent to which the
driver's aggressive behavior was controlled by individual. Likewise,
in the fear condition, participants indicated the degree to which the
life of their friends and theirs could be controlled by individual on
an 11-point scale (0 = situational control, 10 = individual control).
6.3. Results and discussion

We focused on the role of responsibility in Study 4. Participants
who read the conﬂict article were led to believe that they themselves
were responsible for the event. To the opposite, those who read the
accident article were made to believe that it was someone else's responsibility. We hypothesized that the difference on risk perception
between anger and fear would diminish or even vanish because emotional experience was weakened after responsibility reappraisal.
7.1. Method
7.1.1. Participants and design
Eighty-eight drivers (59 men, 29 women, Mage = 34.64 years,
SD = 10.78) were randomly assigned to conditions in a 2 (emotion:
anger/fear) × 2 (responsibility regulation: reappraisal/non-reappraisal)
between-participants design.
7.1.2. Manipulations of the independent variables
Participants in the anger (N = 45) and fear conditions (N = 43)
read the articles used in Study 1. Immediately after, participants in
the anger-reappraisal condition (N = 25) read about:
The reason why the driver behaves aggressively to you is that you
have hindered his normal and smooth driving.
However, those in the fear-reappraisal condition (N = 23) read
about:
It is the other cars that have caused the occurrence of the accident.

Participants in the anger and fear conditions did not differ in emotion
baseline, p>.10. Furthermore, a 2 (emotion)×2 (control regulation)
ANOVA on manipulation checks revealed a main effect for emotion,
F(1, 110)=9.36, pb .01, η2 =.08. In general, angry drivers (M=5.11,
SD=3.04) were more apt to feel individual control compared with
fearful ones (M=3.68, SD=2.86). More importantly, an interaction between emotion and control regulation was obtained, F(1, 110)=42.13,
pb .001, η2 =.28. Speciﬁcally, in the anger condition, people who
reappraised the situation (M=3.85, SD=3.09) perceived less individual
control than those who did not (M=6.32, SD=2.50), F(1, 53)=10.70,
pb .01. However, in the fear condition, people who reappraised the situation (M=5.47, SD=2.65) perceived more individual control than
those who did not (M=1.83, SD=1.63), F(1, 57)=40.10, pb .001. The
results revealed a successful control manipulation.
Next, a mediation analysis was conducted for angry drivers and
we did not ﬁnd a mediation effect of angry experience between control reappraisal and risk perception. A similar mediation analysis was
conducted for fearful drivers. As a result, fearful experience partially
mediated the relationship between control reappraisal and risk perception (Sobel test, Z = - 1.64, p b .05). We depict the mediation results in Fig. 4. The results suggested that control appraisal was more
crucial to fear than anger.
Last, we examined whether control reappraisal could reduce the difference between anger and fear on risk perception. A Pearson correlation analysis revealed that gender did not correlate to risk perception,
p >.40. A 2 (emotion)×2 (control regulation) ANOVA on risk perception
yielded a main effect for emotion, F(1, 110)= 8.34, pb .01, η2 = .07.
Compared with angry participants (M= 3.95, SD = 1.90), fearful ones
(M= 4.88, SD=1.65) generally perceived more risks. Importantly, as illustrated in Fig. 5, emotion and control regulation interacted on risk perception, F(1, 110)=8.72, p b .01, η2 = .07. In the non-reappraisal

7.1.3. Procedure
Identical to Study 2.
7.2. Measures
7.2.1. Emotion baseline
Identical to Study 1(Cronbach's α = .80).
7.2.2. Emotional experience
Identical to Study 2.
7.2.3. Risk perception
Identical to Study 2 (Cronbach's αs of the overall scale and two
subscales were .84, .80, and .68).
7.2.4. Manipulation checks
Participants were asked to choose between “I” and “the other driver,”
as who should take the major responsibility for the described event.
7.3. Results and discussion
Participants in the anger and fear conditions did not differ in emotion baseline, F b 1. Next, Chi-square tests were conducted to examine
whether manipulation of responsibility changed participants’ sense
of responsibility. In the anger condition, individuals who did not
reappraise the event (100%) were more likely to perceive other's responsibility than those who did (36%), χ2 (1, N = 45)= 19.86, p b .001.
In the fear condition, drivers who reappraised the event (82.6%) were
more inclined to perceive other's responsibility than those who did
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Fig. 4. Mediation analysis for fear condition (Study 3). Standardized regression coefﬁcients and their signiﬁcance are reported. The total effect of control reappraisal on risk
perception is reported in parentheses, and the coefﬁcient when the fearful experience is included in the regression is reported below the arrow. ** pb .01. * p b .05.

not (55%), χ2 (1, N = 43) = 3.87, p b .05. These results indicated that the
responsibility regulation was effective.
Next, we conducted a mediation analysis for angry drivers. It was
found that angry experience partially mediated the relationship
between responsibility reappraisal and risk perception (Sobel test,
Z = 2.33, p b .05). We depict the mediation results in Fig. 6. Next, a similar mediation analysis was performed for fearful drivers and we found
that fearful experience did not play a mediation role. The reason for the
results was that responsibility was a central appraisal for anger rather
than fear (Lerner & Keltner, 2000; Smith & Ellsworth, 1985).
Last, we examined whether responsibility reappraisal reduced the
difference between anger and fear on risk perception. A Pearson correlation test revealed no signiﬁcant correlation between gender and
risk perception, p > .60. A 2 (emotion) × 2 (responsibility regulation)
ANOVA on risk perception revealed main effects for both emotion
and responsibility regulation, F(1, 84) = 80.13, p b .001, η 2 = .49,
F(1, 84) = 8.94, p b .01, η 2 = .10, demonstrating that fearful people
(M = 4.88, SD = 1.09) were higher in risk perception than angry
ones (M = 3.17, SD = 1.15), and that participants in the reappraisal
condition (M = 4.27, SD = 1.06) were higher in risk perception than
those in the non-reappraisal condition (M = 3.68, SD = 1.69). Of our
particular interest, there was an interaction between emotion and responsibility regulation, F(1, 84) = 26.74, p b .001, η 2 = .24 (see Fig. 7).
Speciﬁcally, in the non-reappraisal condition, angry people perceived
less risk (M = 2.25, SD = 0.76) compared with fearful ones (M = 5.12,
SD = 0.10), F(1, 38) = 104.95, p b .001. In the reappraisal condition,
however, the difference between anger (M = 3.91, SD = 0.85) and
fear (M = 4.67, SD = 1.14) diminished, F(1, 46) = 7.10, p b .05. Therefore, responsibility partially accounted for the opposite effects found
in Study 1.

8.1. Method
8.1.1. Participants and design
Seventy-seven students were randomly assigned to one of six
conditions: anger-certainty, anger-control, anger-responsibility, fearcertainty, fear-control, or fear-responsibility.
8.1.2. Measures and procedure
Participants ﬁrst read the emotion-inductive articles (identical to
Study 1) and completed the measures of certainty, control, and responsibility (used in Studies 2, 3, and 4, respectively). After reappraising
certain dimensions (identical to Studies 2, 3, and 4), they received the
same measures of certainty, control, and responsibility again.
8.2. Results and discussion
Paired-sample t tests showed that for anger-certainty, anger-control,
anger-responsibility, fear-certainty, and fear-responsibility groups, the
target appraisals changed (psb .01) whereas other appraisals were held
constant (ps>.05) as predicted. The only exception was the fearcontrol group. The target appraisal of control changed as predicted,
t(15)=-5.26, pb .001, and responsibility was held constant, p > .30.
However, certainty changed as well, t(15) = -2.67, p b .05. Generally,
the results indicated a success in changing the target appraisals and
holding others constant. It was somewhat surprising at ﬁrst glance
that the sense of certainty changed accordingly when fearful participants reappraised the events along the dimension of control. However, the results were acceptable on the grounds that both certainty
and control are central appraisals for fear (Lerner & Keltner, 2000),
and that they overlap in some cases (Averill, 1973).
9. General discussion

8. After test: Certainty, control, and responsibility
Although the scenarios were successful in changing the target appraisals in Studies 2, 3, and 4, it was difﬁcult to ﬁnd out whether other
appraisals changed as well. Because an emotion can be experienced
instantly and attenuates very quickly (Beedie, Terry, & Lane, 2005),
to ensure the induced emotion could last until the experiments
were completed, it was better not to include too many measures in
one study. Here, an after test was conducted to ensure other appraisals were held constant during certain reappraisals.
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Fig. 5. The effect of emotion and control regulation on risk perception (Study 3).

People experience emotions all the time. Regarding driving, emotions cast particular effects (Hu et al., 2013; Mesken et al., 2007). Past
research evidenced the negative effect of anger on driving safety
(Dahlen, Martin, Ragan, & Kuhlman, 2005; Dahlen & White, 2006) in
that it promoted speeding (Arnett et al., 1997; Mesken et al., 2007).
Nevertheless, little evidence exists to shed light on the relationship between fear and driving, making it hard to determine whether anger and
fear inﬂuence driving risk perception in the same way.
Applying ATF into transportation ﬁeld, the current research examined how and why anger and fear, the two common negative emotions in driving, inﬂuenced drivers’ risk perception. In Study 1, we
found that anger reduced risk perception whereas fear increased it.
The results are consistent with the predictions of ATF, as anger is associated with a sense of high certainty, individual control, and high
other-responsibility whereas fear is associated with a sense of low
certainty, situational control, and moderate other-responsibility. In
Studies 2, 3, and 4, we reduced the differences between anger and
fear in certainty, control, and responsibility by adopting the reappraisal
paradigm. Results showed that the opposite effects of anger and fear on
risk perception was reduced or disappeared accordingly, and that fearful or angry experience played a mediation role. Therefore, it was the
appraisals of certainty, control, and responsibility that accounted for
the different effects.

72

J. Lu et al. / Journal of Safety Research 45 (2013) 65–73

-.50***

Angry experience

-.33**

Responsibility reappraisal
(1= reappraisal, 0=
non-reappraisal)

.56*** (.72***)

Risk perception

Fig. 6. Mediation analysis for anger condition (Study 4). Standardized regression coefﬁcients and their signiﬁcance are reported. The total effect of responsibility reappraisal on risk
perception is reported in parentheses, and the coefﬁcient when the angry experience is included in the regression is reported below the arrow. *** p b .001. ** pb .01.

We demonstrated that driving risk perception was inﬂuenced by
appraisals. In other words, people used their senses of certainty, control, and responsibility as information to appraise risk. This logic corresponds with feelings as information hypothesis (Schwarz, 2004)
and risk as feelings hypothesis (Loewenstein et al., 2001), which assume that people judge risks based on their present feelings. In current
studies, we found that people attended to their emotions (anger or fear)
and senses of appraisals (certainty, control, and responsibility) underlying the emotions to judge driving risks.
Here is another question: Are there any key appraisals for anger
and fear, respectively? On the one hand, we found that fearful experience mediated the effects of certainty and control reappraisals on
risk perception, whereas angry experience mediated the relationship
between responsibility reappraisal and risk perception. On the other
hand, reappraisals of certainty and control changed risk perception
more for fearful drivers than angry ones, whereas the reappraisal of responsibility changed risk perception more for angry drivers than fearful
ones. Taken together, we suggest that responsibility is a central appraisal
for anger; however, certainty and control are key appraisals for fear.
One major limitation of this research was that anger and fear were
elicited by different materials. The same held true for the texts in
reappraisals. However, using different materials to induce different
emotions is a common way in emotion research. For example, participants were instructed to recall an experience in which they feel a
speciﬁc emotion (Lerner & Keltner, 2001) or watch a video clip to
induce positive or negative emotions (Hu et al., 2013). It is difﬁcult
to use a same story to elicit different emotions. As for the texts in
reappraisals, it also seems to be impossible to use the same reappraisal
instructions that should be coherent with emotion-inductive stories.
Concerning about this, future research should adopt a stricter manipulation of emotions and reappraisals.
A further problem was that different risk perception in the anger
and fear conditions might be caused by priming stories rather than
emotions per se. The priming article for fear included a trafﬁc accident whereas the article for anger did not. The conceptual accessibility to accident for fearful drivers may result in higher risk perception.
However, the results of Studies 2, 3, and 4 supported that emotions
themselves did inﬂuence risk perception. For participants in the
anger condition, they read almost identical materials no matter
whether they reappraised the event or not. Nevertheless, people in
the reappraisal and non-reappraisal conditions reported different
risk perception. The reason for such results was that emotional experience reduced by reappraisals affected risk perception. It was same
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for the fearful participants. Thus, the above results showed that the
speciﬁc emotions themselves did inﬂuence driving risk perception.
Furthermore, some may wonder whether the changes of risk perception in Studies 2, 3, and 4 were actually caused by reappraisal or by
another emotion regulation strategy named suppression. Reappraisal
and suppression cast different effects on cognitive appraisals and behavioral responses (Gross, 1998a,b). Reappraisal changes both cognitive
appraisals and responses, whereas suppression only inﬂuences affective
responses. The results of manipulation checks demonstrated changes
of certainty, control, and responsibility, indicating participants used the
strategy of reappraisal rather than suppression.
We contribute to the research in how emotions color judgment in
several ways. First, we introduced ATF into driving behavior and
found that the opposite effects of anger and fear on driving risk perception. Thus, the current ﬁndings demonstrate the importance to
differentiate fear and anger rather than treat them equally. Second,
we focused on the antecedent of emotions, that is, appraisals and
then explored the reasons of the opposite effects. To this end, experimental manipulations of appraisals are badly needed. Unfortunately,
rarely had researchers used this kind of methods. However, paradigm
of reappraisal enabled us to do so. Our ﬁndings derived from new
methods supplied ATF with further support. Finally, we shed light
on the appraisal of responsibility in distinguishing anger and fear.
Certainty and control are two appraisals used to distinguish anger
and fear (Fischhoff et al., 2012; Lerner & Keltner, 2000, 2001). However, responsibility is also an important dimension based on the fact
that angry people perceive other-responsibility but such tendency is
not strong for fearful ones (Smith & Ellsworth, 1985). Our research
clariﬁed the role of responsibility in determining how anger and
fear inﬂuence driving risk perception.
Practically, drivers, as well as mass media and transportation administration departments, should bear in mind the opposite effects
of anger and fear on driving risk perception. Reappraisal is one of
the feasible methods to intervene in risk perception, which in turn
could decrease risky driving (Brown, 2010). For instance, drivers
high in both trait and state anger could be trained to reappraise the
anger-inductive event to reduce their senses of certainty, control,
and other-responsibility, and thus it may help establish road safety.
The methods correspond with the cognition therapy that was proved
to be effective for driving anger (Del Vecchio & O'Leary, 2004).
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