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  Abstract 

Prior research has focused on the effects of classical false alarms on drivers’ 

compliance (e.g. cry wolf effect). The present research investigated short-term 

effects of unnecessary collision alarms on drivers’ braking responses in two driving 

simulator studies. In both experiments, a hard braking lead vehicle caused time to 

collision values that fell below usual thresholds for collision alarm activation. 

However, collision alarms were eventually unnecessary, providing that the intended 

driving manoeuvre of the ego driver or that of the lead vehicle were taken into 

account. In the first experiment, the braking lead vehicle was irrelevant for drivers’ 

own planned trajectory. In the second experiment, drivers were able to anticipate 

that the lead vehicle braked to turn out of the lane within a short period of time. 

Whereas half the participants received collision alarms, the other half did not. 

Overall, results revealed that drivers who received unnecessary alarms braked more 

often and decelerated more strongly than drivers who showed their natural driving 

behaviour without receiving alarms. These findings underline the need to reduce the 

rate of unnecessary alarms in order to avoid driver overreactions as potentially 

critical short-term effects. 

  Introduction 

Forward collision alarms (FCA) signal drivers to take immediate evasive action to 

avoid an external hazard (International Organization for Standardization, 2016). The 

extent to which drivers act according the alarm signal and take evasive action is 

referred to as compliance (Meyer, 2004). Prior research has repeatedly shown that 

FCAs have a positive impact on driver performance in imminent collision situations 

(Kusano & Gabler, 2012; Lee, McGehee, Brown, & Reyes, 2002; Maltz & Shinar, 

2004). However, it does not necessarily reflect safe behaviour to unconditionally 

respond to warnings (Green & Swets, 1966). The most appropriate alarm response is 

highly dependent on the nature of the warning, particularly whether it is correct, 

false, or unnecessary. Advanced Driver Assistance Systems (ADAS) frequently 

activate unnecessary alarms (Flannagan et al., 2016; General Motors Corporation, 

2005). Unnecessary alarms are associated with situations judged as hazardous by the 

implemented algorithm, but not subjectively by the driver (Lees & Lee, 2007). In 
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contrast to false alarms that are activated by sensor malfunctions, unnecessary 

alarms are associated with an apparent trigger, such as another vehicle. However, the 

alarm trigger does not actually constitute a collision risk. Instead of taking an 

evasive action in response to false and unnecessary alarms (commission errors), 

drivers need to ignore the warning and refrain from executing strong braking 

responses (Meyer, 2004). Very little is currently known about the effects of 

unnecessary collision alarms on driver behaviour. Therefore, the two presented 

driving simulator studies aimed to elucidate how unnecessary alarms influence 

driver behaviour compared to drivers’ natural driving behaviour in the same traffic 

situations.  

  Effects of false alarms on driving behaviour  

The cry wolf effect describes the detrimental impact of frequently experienced false 

alarms on drivers’ compliance with correct alarms (Breznitz, 1984). Low 

compliance is manifested through longer reaction times (e.g. Sullivan, Tsimhoni, & 

Bogard, 2008; Yamada & Kuchar, 2006), decreased reaction-rates (Bliss & Acton, 

2003), and reduced reaction intensity to correct alarms (Lees & Lee, 2007). 

However, the present research focuses on drivers’ response selection when receiving 

unnecessary alarms. Prior research on operators’ responses to classical false alarms 

revealed their general ability to behaviourally discriminate between false alarms and 

correct alarms. Compared to correct alarms, responses to false alarms are slower 

(Abe, Itoh, & Tanaka, 2002; Maltz & Shinar, 2004), less frequent, and less intense 

(Lees & Lee, 2007). These effects were already present after short-term exposure to 

the warning systems. However, the number of commission errors in response to 

false alarms as a measure of decision-making accuracy is associated with the false 

alarm rate (Cummings, Kilgore, Wang, Tijerina, & Kochhar, 2007; Maltz & Shinar, 

2004).  

  Effects of unnecessary alarms on driving behaviour 

Previous research revealed contradictory findings concerning drivers’ responses to 

unnecessary alarms. Results of a driving simulator study on short-term effects of 

unnecessary alarms showed that these alarms caused drivers to brake more often and 

more intensively than drivers who did not receive alarms in the same traffic 

situations (Lees & Lee, 2007). In a study by Zarife (2014), drivers braked in 66% of 

the time in response to a (generic) unnecessary collision alarm. The study lacks a 

comparison to driver behaviour in the same situations without unnecessary alarm. In 

both studies, unnecessary alarms were caused by other road users whose behaviour 

was neither predictable for the system nor for the driver. For example, a cyclist was 

approaching the road from the side and finally turned and drove along the sidewalk 

before it could have crossed the driver’s way. 

There are two field studies that provide insights into driver responses to unnecessary 

alarms for long-term system exposure (Flannagan et al., 2016; General Motors 

Corporation, 2005). These studies revealed that 30 to 50% of all issued FCAs could 

roughly be categorized as unnecessary (Lees & Lee, 2007). In these situations, a 

stopped or braking lead vehicle triggered an FCA according to the implemented 
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algorithm (grey vehicle in Figure 1). However, the ego and the lead vehicle did not 

remain in the same lane within four seconds after the FCA. Therefore, the ego driver 

(green vehicle in Figure 1) might have perceived the situation as not hazardous 

either because… 

1. the ego driver intentionally approached the lead vehicle as a prelude to change 

lanes or to turn (green arrow in Figure 1) or 

2. the ego driver approached the lead vehicle as he or she was able to predict the 

other’s intention to change lanes or to turn out of the lane in the near future 

(grey arrow in Figure 1). 

Accordingly, the ego driver could predict a dissolving outcome of the inter-vehicle 

conflict and, thus, did not or only minimally respond to FCAs in these 

constellations. Drivers responded with braking in only 19 to 30% of the time with 

average decelerations of 0.5 m/s². Importantly, the absence of driver responses did 

not result in collisions. 

 

Figure 1. Illustration of two possible reasons for activations of unnecessary collision alarms 

identified in the field studies. Ego vehicle = green; lead vehicle = grey. 

Findings of the cited driving simulator and field studies might diverge for two 

reasons. First, drivers’ ability to predict a dissolving outcome of a potential inter-

vehicle conflict might influence braking responses to unnecessary alarms. In the 

simulator studies, drivers could not predict the behaviour of the other road users 

(Lees & Lee, 2007; Zarife, 2014). Presumably, drivers were able to predict their own 

subsequent actions and those of other road users in the field studies (see Figure 1, 

Flannagan et al., 2016; General Motors Corporation, 2005). Second, long-term 

system experience might change the way drivers respond to unnecessary alarms. In 

the short term, the process of validating an alarm might be more demanding for 

unnecessary than for false alarms. In contrast to false alarms, drivers are able to 

understand what triggered the unnecessary alarm (Lees & Lee, 2007). Therefore, 

they need to additionally comprehend and anticipate if the alarm trigger might 

constitute a hazard within the next few seconds or not. However, as the number of 

experienced unnecessary alarm situations increases, drivers might develop an 

understanding of typical traffic constellations that may result in unnecessary alarms. 

As a consequence, the process of cross-checking the validity of unnecessary alarms 

might then require less cognitive resources. In the field study by Flannagan et al. 

(2016), alarm rates decreased over time in the scenarios where the ego and the lead 

vehicle did not remain in the same lane after the FCA. The authors argued that 

drivers were able to anticipate these scenarios and adjusted their behaviour to avoid 
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setting of an alarm. This finding supports the assumption that system experience 

might influence alarm responses. 

Research goals  

The goal of this research was to gain insights into drivers’ responses to unnecessary 

alarms. Two driving simulator studies aimed to reveal whether the superfluous 

braking responses to unnecessary alarms reported by Lees and Lee (2007) and Zarife 

(2014) were primarily caused by limited experience with unnecessary collision 

alarms or by a lack of ability to predict a dissolving outcome of inter-vehicle 

conflicts. Therefore, it was focused on short-term driver responses to unnecessary 

alarms issued in traffic situations with predictable dissolving conflict.  

In the present research, a hard braking lead vehicle triggered an FCA. In the first 

experiment, ego drivers had the manoeuvre intention to turn directly behind the 

braking lead vehicle (following green arrow in Figure 1). In the second experiment, 

ego drivers were able to predict that the lead vehicle brakes to turn out of their lane 

within a short period of time (following grey arrow in Figure 1). Therefore, the 

potential inter-vehicle conflict dissolved and collision alarms were unnecessary. 

Drivers’ braking responses (frequency of braking responses and magnitude of speed 

reductions) when receiving unnecessary alarms were compared to those of drivers 

who experienced the same situation without FCA. 

  Experiment 1 

Method  

  Participants 

A total of 42 participants (12 females) took part in the study. They were employees 

of a German car manufacturer (Opel Automobile GmbH) and were recruited from 

the company’s own participant’s test panel. The mean age was M = 42.07 

(SD = 11.23). On average, participants held their driver’s licence for M = 23.31 

years (SD = 11.07). Only eight participants had prior experience with FCA systems 

in their own car. These participants indicated to have medium experience with FCA 

systems, M = 3.5, SD = 1.07 on a 5-point scale (1 = very little, 5 = very much 

experience). 

  Apparatus 

The study was conducted in the fixed-base driving simulator of Opel Automobile 

GmbH (mock-up: Opel Insignia). The simulator provided a 130° frontal field of 

view with three 70” thin film transistor (TFT) screens and a full rear view offered by 

an additional 70” TFT screen visible through a conventional rear view mirror and by 

two 7” TFT screens as side mirrors. The driving simulation software was SILAB 6. 

  Experimental design and dependent measures 

The experiment used a 2x2 mixed design with manoeuvre intention as within-

subject factor and level of assistance as between-subject factor. The initial situation 

was the same for each test event. Participants followed the lead vehicle at 50 km/h. 

The lead vehicle suddenly braked to a standstill. Time to collision (TTC) values 
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between ego and lead vehicle always fell below 1.9 seconds. To manipulate 

manoeuvre intention, a navigation system provided auditory and visual 

announcements. Participants either intended (a) to stay or (b) to turn behind the 

braking lead vehicle (see Figure 2). In the latter case, the braking lead vehicle could 

not cause a collision and the conflict dissolved. Therefore, alarms in these situations 

were considered as unnecessary. The factor level of assistance was represented by 

either (a) receiving an FCA during each test event or (b) never receiving FCAs. 

FCAs were triggered by TTC values below 1.9 seconds and consisted of an urgent 

auditory warning tone (5 x 100 ms on/off, 2,000 Hz) and a flashing red LED 

segment at the bottom of the windshield (5 x flashing 100 ms). To obtain groups of 

equal size for both groups, participants were quasi randomly allocated to the two 

groups (with alarms n = 21; without alarms n = 21). This means that the number of 

participants randomly assigned to each level of assistance was limited. 

 

Figure 2. Realization of manoeuvre intention in both test scenarios. Braking lead vehicle is 

marked by a frame. Solid line: intention to stay behind the lead vehicle; dashed line: intention 

to turn behind the lead vehicle. 

Participants experienced test scenarios in two different environments (turn right and 

turn left; see Figure 2). To reduce learning effects, filler scenarios were implemented 

in between the test scenarios. Environments did not differ from those in the test 

events, but the lead vehicle continued driving and did not decelerate at a certain 

point. All participants encountered four test scenarios and four filler scenarios that 

varied according to manoeuvre intention and traffic environment. To control for 

transition effects, the sequence of the eight events was permutated to four different 

sequences. Subjects were randomly distributed to the four sequences. 

As dependent measures, the frequency of braking responses and the magnitude of 

speed reduction in response to the braking lead vehicle (and the FCA) were 

assessed. Brake pedal positions of 10% and more were counted as intentional 

braking response (Gold, Damböck, Lorenz, & Bengler, 2013; Zeeb, Buchner, & 

Schrauf, 2016). The magnitude of speed reduction was calculated as a result of the 

speed participants drove when the lead vehicle started braking minus their lowest 
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speed before they re-accelerated (in km/h). In case drivers did not decelerate at all, 

their speed at a pre-defined position in the test scenario was used as subtrahend.  

  Procedure 

Upon arrival, participants received written instructions about the purpose and the 

procedure of the study and signed a consent form that informed them about their 

right to decline to participate and to withdraw from the study at any point and the 

method of data anonymization. The information given in the consent form covered 

Articles 13 and 15 – 21 of the EU General Data Protection Regulation. 

After participants drove a five-minute practice drive, they started with the 

experimental drive. Overall, the experiment took about one hour per participant. At 

the end of the experiment, participants were thoroughly debriefed. 

  Data Analysis 

Data analyses were carried out using IBM SPSS statistics software (Version 22). 

The impact of both independent variables on magnitude of speed reduction was 

analysed with a mixed analyses of variance (ANOVA). The influence of level of 

assistance on frequency of braking responses in situations with dissolving outcome 

of the conflict (= manoeuvre intention to turn) was calculated with a chi square test. 

The significance level was set at α = 0.05. Magnitude of speed reduction values 

reflect the average between both test scenarios turn right and left.  

  Results 

When the conflict dissolved due to the intention to turn behind the braking lead 

vehicle, chi-square tests for both test scenarios revealed a significant association 

between the level of assistance and the frequency of braking responses, 

χ² (1) = 15.43, p < .001 (Scenario 1), χ² (1) = 18.71, p < .001 (Scenario 2). The 

number of drivers who braked in response to the braking lead vehicle was higher in 

the group with unnecessary FCAs than in the group without FCAs (see Figure 3). 

 

Figure 3. Number of braking responses for dissolving conflict (turn behind lead vehicle) 

grouped by test scenario and level of assistance. 

A 2x2 mixed ANOVA revealed a significant main effect of manoeuvre intention on 

magnitude of speed reduction, F (1, 40) = 525.53, p < .001, ηp² = .93. The magnitude 
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of speed reduction was significantly higher when drivers intended to stay than to 

turn behind the braking lead vehicle. Drivers reduced their speed to a significantly 

higher extent with FCAs than without, F (1, 40) = 35.63, p < .001, ηp² = .47. There 

was a significant interaction between manoeuvre intention and level of assistance, 

F (1, 40) = 28.22, p < .001, ηp² = .41. The impact of level of assistance on magnitude 

of speed reduction was only present when drivers intended to turn behind the 

braking lead vehicle, t (40) = -6.15, p < .001. Figure 4 displays the corresponding 

means and 95% confidence intervals.  

 

Figure 4. Magnitude of speed reduction in Experiment 1 grouped by manoeuvre intention and 

level of assistance. Error bars reflect 95% CI. 

  Discussion 

This experiment investigated short-term effects of unnecessary alarms on driving 

behaviour. Alarms were considered as unnecessary when the inter-vehicle conflict 

dissolved as the ego driver intended to turn directly behind the braking lead vehicle 

and as useful when drivers planned to stay behind it. Results have shown that drivers 

who received unnecessary collision alarms braked more frequently and reduced their 

speed to a higher extent than drivers who experienced the same situation without 

alarms. When staying behind the braking lead vehicle, drivers of both groups with 

and without FCAs reduced their speed to an equal extent. The results of the present 

study are in line with the findings by Lees and Lee (2007) and Zarife (2014) and 

contradict findings by Flannagan et al. (2016) and General Motors Corporation 

(2005). Most drivers who did not receive FCAs refrained from braking in situations 

with dissolving conflict, indicating that the anticipation of a safe outcome was 

principally possible. Accordingly, predictability did not seem to be the key factor 

that helped drivers to select an appropriate alarm response, particularly to suppress a 

braking response. In the short term, drivers might overreact to unnecessary FCAs 

(commission errors) because the process of cross-checking the validity of the alarm 

might be too demanding in the first phase. As already suggested by Flannagan et al. 

(2016) and General Motors Corporation (2005), drivers might reduce or suppress 

braking responses to unnecessary alarms with increasing experience. 
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  Experiment 2 

  Method  

  Participants 

Forty drivers (20 females) were recruited from the Wuerzburg Institute for Traffic 

Sciences GmbH (WIVW) driver test panel (mean age = 42.60 years, SD = 10.77). 

As experienced drivers have advantages in hazard detection and prediction 

compared to novice drivers (Crundall, 2016; Smith, Horswill, Chambers, & Wetton, 

2009), only experienced drivers were recruited who held their drivers’ licence for 10 

years or more (M = 23.83, SD = 10.00) and covered more than 8000 km per year 

(M = 20,550, SD = 14,408). Only five participants had prior experience with FCA 

systems in their own car. These participants indicated to have much experience with 

FCA systems, M = 4.6, SD = 0.89 on a 5-point scale (1 = very little, 5 = very much 

experience). 

  Apparatus 

The study was conducted in the fixed-base driving simulator at WIVW GmbH 

(mock-up: Opel Insignia). The simulator provided a 300° horizontal and 47° vertical 

field of view. Five image channels seamlessly projected the simulation onto a flat 

screen. The rear-view was furnished by two LCD displays installed as the rear view 

mirror and the left side mirror. The driving simulation software was SILAB 6. 

 

  Experimental design and dependent measures 

The experiment used a 2x2 mixed design with lead vehicle behaviour as within-

subject factor and level of assistance as between-subject factor. The initial situation 

was the same for each test event. Participants followed the lead vehicle at 50 km/h. 

Just before an intersection, the lead vehicle activated its turn indicator for 400 ms 

before it suddenly braked to a standstill. TTC values between ego and lead vehicle 

always fell below two seconds. The braking lead vehicle either (a) stayed in the 

same lane as the ego driver or (b) turned and left the lane (see Figure 5). Three test 

scenarios with different environmental cues were realized. A pedestrian on a 

crosswalk in the right turning street (Scenario 1, see Figure 5), in the left turning 

street (Scenario 2), or a stopped bus at station at the beginning of the right turning 

street (Scenario 3) served to indicate that the lead vehicle will stay in the lane and 

the conflict will remain. In the other condition, there were no obstacles in the right 

or left turning streets. Thus, the lead vehicle remained stopped for only 150 

milliseconds before it started again and turned at the intersection. Participants could 

have driven on at a constant speed of 50 km/h without causing a collision. 

Therefore, the conflict dissolved and alarms in these situations were considered as 

unnecessary. Level of assistance and alarm design were realized similarly to 

Experiment 1 (with alarms n = 21; without alarms n = 19). 

To reduce learning effects, twelve filler scenarios were implemented in between the 

test scenarios. Environments were similar to those in the test events, however, the 

lead vehicle turned without prior deceleration at the intersection. Thus, all 

participants encountered six test events and twelve filler scenarios throughout the 

experiment. To control for transition effects, the sequence of the test events was 

permutated to four different sequences. The filler scenarios were randomly allocated 
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between the test events. To obtain groups of equal size for each sequence, 

participants were quasi randomly distributed to the four sequences. This means that 

the number of participants randomly assigned to each sequence was limited. 

Dependent variables were similar to those of Experiment 1.  

  Procedure and data analysis 

Procedure and data analyses were similar to Experiment 1. Magnitude of speed 

reduction values reflect the average between the three different test scenarios. 

 

Figure 5. Realization of lead vehicle behaviour in Scenario 1. Environmental cues that served 

to predict lead vehicle behaviour are marked by a frame: occupied versus free crosswalk. 

   

  Results 

When the lead vehicle turned and left the lane, there was a marginal significant 

impact of level of assistance on the frequency of braking responses in Scenario 1, 

χ² (1) = 3.09, p = 0.079. However, there were no significant effects for Scenario 2, 

χ² (1) = 1.09, n.s. and Scenario 3. In the latter scenario, in both groups with and 

without FCAs, all participants braked in response to the braking lead vehicle. In 

sum, the number of drivers who braked in response to the braking lead vehicle even 

though the conflict dissolved did not differ in the group without and with 

(unnecessary) FCAs. 

A 2x2 mixed ANOVA revealed a significant main effect of lead vehicle behaviour 

on magnitude of speed reduction, F (1, 38) = 163.38, p < .001, ηp² = .81. Drivers 

reduced their speed to a significantly higher extent when the lead vehicle stayed in 

the lane than when it left the lane. The magnitude of speed reduction was 



186 Kaß, Schmidt, & Kunde 

significantly higher in the group with FCAs than without, F (1, 38) = 39.9, p < .001, 

ηp² = .51. There was a significant interaction between lead vehicle behaviour and 

level of assistance, F (1, 38) = 38.34, p < .001, ηp² = .50. The impact of level of 

assistance on magnitude of speed reduction was only present when the lead vehicle 

turned and the conflict dissolved, t (38) = -6.37, p < .001. Figure 6 shows the 

corresponding means and 95% confidence intervals. 

 

Figure 6. Magnitude of speed reduction in Experiment 2 grouped by lead vehicle behaviour 

and level of assistance. Error bars reflect 95% CI. 

  Discussion 

As in the first experiment, unnecessary alarms were associated with a dissolving 

inter-vehicle conflict. Here, a lead vehicle braked to turn and cleared the 

participants’ lane. When the lead vehicle remained in the same lane for some more 

seconds, the alarm was considered as useful. Results have shown that drivers who 

did not receive alarms braked as often as drivers who received unnecessary alarms 

even though the lead vehicle left the lane. However, unnecessary alarms resulted in 

higher speed reductions compared to those of drivers who experienced the same 

situation without alarms. When the lead vehicle stayed in the lane, drivers of both 

groups with and without FCAs reduced their speed to an equal extent. Compared to 

drivers’ natural driving behaviour unnecessary alarms resulted in stronger driver 

responses. The conclusions are in line with those of the first experiment.  

  General discussion 

The aim of the present research was to gain insights into short-term driver responses 

to unnecessary collision alarms in traffic situations with predictable outcome. In two 

driving simulator studies, drivers’ braking behaviour in response to unnecessary 

collision alarms was compared to natural driving behaviour in the same situations 

without FCAs. Unnecessary alarms were issued when TTC values fell below critical 

thresholds. Thus, present-day FCA systems would have judged these situations as 

hazardous. However, drivers were able to predict a non-hazardous dissolving 

outcome either because the ego driver had the intention to turn behind the braking 

lead vehicle (Experiment 1) or because the ego driver was able to predict that the 
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lead vehicle braked to turn within the next seconds (Experiment 2). The results of 

both experiments revealed that drivers who received unnecessary FCAs in 

dissolving inter-vehicle conflicts reduced their speed to a higher extent than drivers 

who experienced the same situation without alarms. In the first experiment, 

unnecessary alarms were associated with the frequency of braking reactions. 

However, the second experiment showed no differences between the groups with 

and without FCA with regard to braking reaction rates. Drivers reduced their speed 

to a higher extent in Experiment 2 than in Experiment 1 when experiencing 

dissolving inter-vehicle conflicts. These findings may be explained by the fact that 

drivers could easier predict their own manoeuvre intention (Experiment 1) than the 

intentions of other road users (Experiment 2). As drivers who did not receive 

unnecessary alarms in dissolving inter-vehicle conflicts mostly reacted without or 

with only minimal speed reductions, the outcome of the situations seemed to be 

predictable for drivers in both experiments. However, the predictability did not seem 

to help drivers to select an appropriate response to unnecessary alarms. The results 

of the present studies supported findings by Lees and Lee (2007) and Zarife (2014) 

that unnecessary alarms cause drivers to respond with moderate to strong braking in 

the short term. Without prior experience, appropriate response selection for 

unnecessary alarms seems to be more difficult than for false alarms (e.g. Lees 

& Lee, 2007). The validation of unnecessary alarms requires the evaluation of the 

apparent alarm trigger as hazardous or not. This process is assumed to be more 

demanding compared to the validation of false alarms. With increasing system and 

alarm experience, drivers might develop an understanding of typical traffic 

constellations that activate unnecessary alarms. This knowledge might simplify the 

process of validating an unnecessary alarm and to select an appropriate alarm 

response. Therefore, drivers’ responsiveness to unnecessary alarms is expected to 

decrease with increasing system experience as shown in the field studies by 

Flannagan et al. (2016) and General Motors Corporation (2005). 

Future research should examine the process by which driver responses to 

unnecessary alarms change over time. Therefore, short- and long-term effects of a 

similar type of unnecessary alarm on driver responses need to be compared. In this 

context, it is interesting to investigate the cognitive load involved in the validation of 

unnecessary alarms with varying degrees of system experience. Additionally, there 

might be a complex interaction between false and unnecessary alarms and their 

influence on driver behaviour. This topic reflects another question for future 

research. 

The findings of the present research underline the need to reduce the rate of 

unnecessary alarms in order to avoid driver overreactions as potentially critical 

short-term effects. 
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