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ABSTRACT
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Most emotion detection research starts with a valence dimension—positive and negative states. However, these approaches have not discriminated the effects of distinct emotions of the same valence. Recent psychological findings have proposed that different emotions may have different impacts even though they belong to the same valence. The current study consists of a simulated driving experiment with two induced affective states that are important in driving contexts, to investigate how anger and fear differently influence driving-related risk perception, driving performance, and perceived workload. Twenty four undergraduates drove under three different road conditions with either induced anger or fear. Anger led to more errors than fear, regardless of difficulty level and error type. Also, participants with induced fear reported greater workload than participants with induced anger. Results are discussed in terms of the cognitive appraisal mechanism and design directions for the in-vehicle emotion detection and regulation system.  
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1. INTRODUCTION

Psychologists widely accept that it is impossible for people to have a thought or perform an action without engaging their emotional system, at least unconsciously 1[]
. Driving, needless to say, presents a sufficient context in which emotions and affect can have enormous consequences 2[]
. For instance, the road-rage phenomenon provides a representative example of the impact that emotions can have on driving safety. During the past decade, there has been a proliferation of research on emotion detection 3[]
, whereas there have been only a few studies for emotion detection in driving contexts 4[e.g., , 5]
. Most emotion detection research starts with a valence dimension—positive and negative states just as in traditional psychological affect research on judgment and decision making 6[e.g., , 7]
. This “standard” approach has also influenced the early design of driver assistance systems 8[]
. However, these approaches have not specified if and when distinct emotions of the same valence have different effects on cognition and performance. Indeed, recent findings have proposed that the information conveyed by affective states may go beyond sheer positive and negative states. For example, in a judgment study 9[]
, fearful people made pessimistic judgments of future events, whereas angry people made optimistic judgments. In a similar study 10[]
, angry and fearful participants made different judgments about whether a person deserved to be blamed and about the likelihood of negative life events.
1.1 The Current Study and Hypotheses

With respect to affect-related driving research, there has been a traditional notion that “happy drivers are better drivers” 11[]
, but to date there have been few studies on the effects of specific affect from the same valence. However, our recent research has shown that more specific affective states need to be considered and analyzed for a robust affect detection and regulation system 12[]
. According to that research, fear and anger are the most important driving-specific (negative) affective states. To investigate how these two different affective states, which are in the same valence, influence driving-related risk perception, driving performance, and perceived workload, we devised a simulated driving experiment with affect-induction.

Some psychologists account for the differences of the emotions in the same valence using cognitive appraisal dimensions of the emotion. For example, central dimensions that distinguish anger from other negative emotions include certainty, control, and responsibility. In other words, anger arises from appraisals of other-responsibility for negative events, individual control, and a sense of certainty about what happened 13[e.g., , 14]
 On the other hand, fear can be defined by three different appraisal dimensions: uncertainty, unpleasantness, and situation control 14[e.g., , 15]
. Therefore, depending on appraisal structure, anger will be associated with the tendency to perceive certainty and individual control in new situations and thus, angry participants will perceive less risk across new situations. In contrast, fear will be associated with the tendency to perceive uncertainty and situational control in new situations, and thereby fearful participants will perceive greater risk across new situations. Based on this, we predict that fearful participants will also feel more workload than angry participants. With respect to performance, similarly, angry participants are expected to drive with greater risks, certainty and controllability, consistent with risk perception and perceived workload. If we find these differences between the two affective states, we may be able to consider and apply different design strategies for an in-vehicle emotion detection and regulation system based on the results. According to the valence approaches, however, negative affective states should lead to similar negative judgment and performance. This study attempts to challenge this general conception. 

2. METHOD
2.1 Participants 

Twenty-four undergraduate students (12 female; mean age = 20.4, SD = 3.1) participated in this study for credit in psychology courses. Participants reported that they have a driving license and real driving experience. All of them gave informed consent.
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	Figure 1. View of driving on a simulator. Each participant drove three different scenarios: highway (easy), tunnel (medium), and foggy/snowy (hard).
	Figure 2.  Screen capture of the driving simulator. 


2.2 Apparatus
The driving simulator consisted of SimuRide software (Figure 2), running on a Windows 7 desktop computer (Dell Optiplex 960), a wheel and two pedals from Logitech (Driving Force GT) and an adjustable chair. A 40" Samsung TV was placed on a desk 24" in front of the seated participant (Figure 1). Environment sound effects were also played through embedded TV speakers. These sounds included engine noise, brake screech, indicators, collision, etc. All participants experienced the same pre-defined routes and properties for driving conditions.
2.3 Design and Procedure 
Before inducing an affective state, participants were asked to rate their current affective states using a seven-point Likert-type scale. The affective states included nine discrete adjectives that were reported as important affective states in driving contexts: fearful, happy, angry, depressed, confused, embarrassed, urgent, bored, and relieved 12[]
. Then, participants had 12 minutes to write a description of a past emotional experience e.g., 13[]
 associated with either anger or fear. An experimenter instructed them to remember the memory as clearly as possible and to emotionally revisit the experience again. Participants were urged to refer to two sample paragraphs in the instruction sheet to help them write their own paragraphs. One of these was related to driving as shown in the following: 
“…it was already late for the meeting when I woke up.  I nimbly packed all resources I organized last night and drove my car in a hurry. But after a while, a huge truck blocked the road and series of cars were waiting for that truck to make a U-turn. I saw there was not enough space for the truck and all cars had to back their car one by one to make more space during the already hectic morning hours. It was a disaster!”(Anger)

If there were more than one experience, they could choose to write about them within the time provided. After describing the experiences, participants completed ratings on their present affective states and general driving competence and risk perception e.g.,16[]
 using a seven-point Likert-type scale again: (1) How do you think about your confidence level for driving? (2) How much do you feel accident risk in your driving? (3) Do you think your driving is safer than other drivers at same age and gender? After these two questionnaires, participants drove three scenarios with different difficulty levels: highway (easy), tunnel (medium), and foggy/snowy (hard). The order of the scenarios was fully counterbalanced across participants. The drive lasted approximately 8 minutes for each condition, thereby 24 minutes in total. They were instructed to drive as they would drive in the real world, following any traffic and safety rules. They used a steering wheel and two pedals to drive the simulator until the experimenter said “Stop”. After driving all conditions, participants completed the affective state rating and the electronic version of NASA TLX [17] to provide measurements of perceived workload for the overall driving task while under a certain affective state. Finally, after completing all procedures, participants filled out a short questionnaire for demographic information and provided comments on the study.
3. RESULTS
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Figure 3. Affective rating scores across rating timings. In both affective conditions, the score after induction was higher than the score before induction. Also, the score after the experiment was higher than the score before induction. Error bars indicate standard error of the mean.
3.1 Manipulation Checks
Overall, participants in the anger state tended to describe events related to ‘other-responsibility’ and ‘certainty’ including broken appointments, feeling victimized/ assaulted/ ignored/ deceived, failed tasks, frustration at parents, etc. In contrast, fearful experiences related more to ‘situation control’ and ‘uncertatinty’ such as getting hurt, drowning in water, inexperienced driving, being left alone, walking in a dark area, etc. 
Figure 3 shows the overall mean rating of affective states at various rating times. Results were analyzed with a separate repeated measures analysis of variance (ANOVA) for each affective condition, which revealed a statistically significant difference among the three timings for anger F(2,22) = 11.739, p < .001 and for fear F(2, 22) = 6.83, p < .01. For the multiple comparisons among the timings, we conducted paired-samples t-tests. Anger-score after induction (M = 3.58, SD = 1.8) was higher than before induction (M = 1.42, SD = .9), t(11) = -4.57, p = .001. Also, anger-score after the experiment (M = 2.42, SD = 1.2) was higher than before induction t(11) = -2.872, p < .05. Likewise, fear-score after induction (M = 2.58, SD = 1.5) was higher than before induction (M = 1.25, SD = 0.9), t(11) = -3.08, p = .01. Also, fear-score after the experiment (M = 2.0, SD = 1.2) was higher than before induction t(11) = -2.46, p < .05. Affective rating scores increased after the inducing procedure and decreased while driving. Even after the entire experiment duration, induced affect still remained significantly higher than before induction. 
3.2 Affective Effects on Risk Perception
For risk perception scores across affective states, results were analyzed with independent-samples t-tests for each question. There was no statistically significant difference in the confidence level between fear (M = 5.75, SD = 1.4) and anger (M = 5.25, SD = 1.6), in the driving safety level between fear (M = 5.33, SD = 1.2) and anger (M = 4.42, SD = 1.4), and in the accident risk between fear (M = 3.50, SD = 1.6) and anger (M = 3.58, SD = 1.38). Overall, unlike the prediction based on the cognitive appraisal explanation, there was no reliable difference in driving confidence and risk perception between fear and anger.
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Figure 4. Number of errors according to difficulty level and error type across affective states. Anger led to more errors than fear regardless of difficulty level and error type. Error bars indicate standard error of the mean.
3.3 Affective Effects on Driving Performance
For driving performance, eight types of errors were grouped into four performance categories. Error data were collected by system logging and a real-time judge. Deviations in center line and sideline were combined into “Lane Keeping” (LK). Violations of stop signs, red lights, and turn signals were categorized under “Traffic Rules” (TR). Violations of speed limit and pressing too hard on the gas pedal, which was indicated by an ‘eco driving’ signal built into the simulator, were included under “Aggressive Driving” (AD). The total number of collisions was named “Collision” (CO). 
Figure 4 shows driving performance in each affective state, according to four performance categories. Results were analyzed with a 2 (Affective State) x 3 (Difficulty Level) x 4 (Performance Category) repeated measures ANOVA. There were main effects of difficulty level, F(1.5, 31.9) = 4.59, p < .05, error type, F(1.2, 26.4) = 36.48, p < .001 (both with Greenhouse-Geisser correction for sphericity violations), and affective state, F(1, 22) = 4.61, p < .05. As a result of paired samples t-tests in the three difficulty levels, the medium difficulty (M = 1.73, SD = 1.3) t(23) = -2.46, p < .05 and the hard difficulty (M = 1.82, SD = 1.2) t(23) = -4.13, p < .001 showed more errors than easy difficulty (M = 1.06, SD = 0.8). However, there was no significant difference between medium and hard difficulty. Anger (M = 1.88, SD = 1.2) led to more errors than fear (M = 1.20, SD = 1.2), which is the most important finding of this experiment. There was no significant interaction effect between difficulty level and affective state or between error type and affective state. This indicates that participants in the angry state consistently made more errors than those in the fearful state regardless of difficulty level and error type. Based on further analysis using multiple comparisons, we found that there were significant differences in “Lane Keeping” and “Traffic Rules” between the two affective states. 
To ensure that no other variables influenced the performance results, we analyzed the results for gender and driving experience. For gender, there was no statistically significant difference between females (M = 1.50, SD = 0.7) and males (M = 1.57, SD = 1.0). For driving experience, we divided participants into two groups, one with fewer than 5 years of experience and the other with 5 or more years of experience, which was the average number of driving experience among the participants. Similarly, there was no statistically significant difference between more experienced drivers (N = 13) (M = 1.67, SD = 0.9) and less experienced drivers (N = 11) (M = 1.38, SD = 0.8).
3.4 Affective Effects on Perceived Workload
The perceived workload in the fear condition was numerically higher than in the anger condition, but the difference did not reach statistical significance between anger (M = 53.5, SD = 10.7) and fear (M = 58.5, SD = 13.8), t(22) = -0.99, p > .05.
4. DISCUSSION & FUTURE WORKS
We compared risk perception, driving performance, and perceived workload in two different induced affective states. The overall results demonstrated that affective effects of different negative emotions were different from each other even though the two emotions are in the same valence dimension (negative). For risk perception, there was no difference between the two conditions. It might be because the questions were related to their own experience rather a general risk judgment (e.g., death rate from a disease) just as in traditional social judgment studies. For performance, angry drivers consistently showed more errors than fearful drivers in all categories with relatively more issues in Lane Keeping and Traffic Rules. However, even in Aggressive Driving, angry drivers (M = 5.66) showed significantly more errors in the medium difficulty than fearful drivers (M = 3.25), t(22) = 2.15, p < .05. Participants in the fearful state also showed numerically higher workload (around 5%) than those in the angry state, which means that fearful drivers might drive more defensively under a certain amount of subjective workload. We cautiously infer that this might be one of the reasons fearful drivers showed better driving performance than angry drivers. Based on these results, we can posit future directions for designing an in-vehicle emotion detection and regulation system. For drivers in an angry state, adaptive user interfaces can be developed to increase driving performance itself (possibly with a focus on keeping lane and traffic rules), whereas for drivers in a fearful state, a regulation strategy to mitigate subjective workload or stress level may be more suitable. Moreover, we might need to consider the prevention of drivers from developing the angry state into aggressive driving. For both affective states, the system should always alert drivers to the dangers and safety issues. The results of this study do not necessarily mean that the difference between anger and fear comes from the cognitive appraisal mechanism. Considerably more empirical research is needed to identify underlying mechanism(s) for this distinction. One of the great rewards of the current experiment is the successful induction of affect. Induced affect decayed as the driving experiment went on, but we found that a certain amount of affect still remained after the experiment, which accounts for the source of performance differences. Affect researchers divide incidental affect (unrelated to task) and integral affect (related to task) depending on source of affect 18[]
. In order to more accurately understand the various affective states for driving contexts, future research should include integral affect as well (e.g., making a driver frustrated by modifying the driving scenario). Also, we have been collecting more data with other affective states (e.g., neutral, happiness, etc) to see if the results can be explained within the valence or arousal dimension, or go beyond them. The present study demonstrated the necessity for the specifications of affective states when designing an emotion detection and regulation system. To help drivers more effectively and efficiently, we need to recognize specific affects and mitigate them separately.
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