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ABSTRACT 

The accurate and timely decision making of drivers is vital to ensuring public safety 

and reaching the destination in time. This paper presents a detailed comparison of 

the expectation of regulatory bodies in implementing flashing amber lights and 

explores the actual driver responses to flashing amber lights at a signalised T-

intersection by taking speed variation as a proxy for their decision making.  

A survey was conducted at a signalised T-intersection during the operation of 

flashing amber lights to measure the speed variation. Time-distance and speed gun 

techniques were used to collect speed data of motor cars.  

Results reflect those drivers show only a marginal response to flashing amber lights. 

Therefore, the intention of regulatory bodies that vehicles maintaining lower speed 

at a T-intersection with flashing amber lights was not satisfactorily fulfilled. The 

marginal response of drivers to flashing amber lights can be a leading cause of 

accidents occurring in signalised T-intersections at odd (night) hours. 
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1. INTRODUCTION 

Passenger transportation plays a vital role in human life and in the economy of a 

country. Surface transportation mainly consists of public and personalised transport 

with an operation of a vehicle. Since transport corridors are developed along 

expressways, highways, and arterial roads, the entire system evolves as a network in 

which many interactions among modes are inevitable. In such interactions, the 

decision making of the motor vehicle driver is vital to ensure public safety. Decision 

making is a cognitive process used by human beings when there are many alternatives 

to choose in different scenarios [1]. Driver decision making is a research area with a 

considerable amount of literature. Drivers make decisions on the road in various 

situations [2]. Some drivers are risk-takers and some others are risk averters [3]. Some 

decisions are appropriate and avoid accidents while some are inappropriate and lead 

to accidents of different levels of severity. Unfortunately, some decisions drivers take 

result in major accidents and fatalities.  

People make choices when they select a mode of transport and route; these choices 

are based on the benefits that they get. Since the decision making of drivers is a 

cognitive process [1], it may result in a good outcome or an unsafe outcome. There 

are many factors influencing the decisions, some are internal to the driver 

(psychology) and some others are external to the driver (external environment such 

as the behaviour of other drivers and their decisions, the quality of road infrastructure, 

and traffic signalling and road signs). Relationship between some internal cognitive 

factors and the decision-making process of drivers has been widely examined in 

transportation research while assessing the psychological response to such external 

factors has not been the focus of previous research. 

For accident prevention, as a Traffic Demand Management (TDM) strategy, amber 

lights are flashed at signalised T-intersections to alert motorists to drive cautiously. 

Flashing amber light is used mostly during night hours with a very low incidence of 

traffic or when signal cycle timing is dysfunctional. However, this precautionary 

action has not eliminated T-intersection collisions. During the last decade, there has 

been a tremendous increase in mobility and motorisation in the country [4]. Road 

deaths reached a startling total of 3,303 in 2016, while death toll remained high at 

3,101 in 2017, at 3097 in 2018, and at 2,829 in 2019 [5]. There were 39,086 accidents 

reported in 2016, while 18,980 accidents occurred in the first six months of 2017.  

A Sri Lankan dies every three and a half hours in road accidents, and the Western 

Province continues to be the most unsafe region in this respect [4]. During off-peak 

hours, many T-intersection collisions are reported. The occurrence of accidents at 

signalised T-intersections during off-peak hours is due to incompatibility between the 
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expected and actual reactions of drivers to flashing amber lights or their complete 

ignorance by the drivers. Hence, the psychological state, decision making, and other 

behavioural aspects of drivers appear causing increased accidents at T-intersections.  

The main objective of this research was to test the effectiveness of flashing amber 

lights in lowering the speed of vehicles as a measure to prevent collisions at T-

intersections during off-peak hours. The study also aimed at recommending a 

technique for effective accident prevention in off-peak odd (night) hours, if the 

effectiveness of the flashing amber lights is found unsatisfactory. 

2. LITERATURE REVIEW 

Decision making is a cognitive process of every human being [1]. Many factors 

influence the decision-making process of humans. Belief in the personal relevance of 

people [4], age and individual differences [6], cognitive biases [7], and previous 

experience [3] are some of the factors identified in psychology as influencing the 

decision-making process [8]. Decisions of drivers or driving behaviours could be 

defined as the habits of the drivers to choose an option while driving in different kinds 

of situations [9]. A combination of both good and bad decisions influence behavioural 

differences among different drivers [10]. Literature has repeatedly examined risky 

and violent driving behaviours [11]. Consequently, it is proved that risky driving 

behaviours have larger negative impacts on the safety of road users [10]. It is very 

useful, therefore, to examine the behaviours of drivers in view of evolving strategies 

to ensure traffic safety [12].  

Several research papers have focused on the decisions of drivers on the road with 

respect to a range of circumstances. Dinh & Kubota studied the driver’s decision on 

speed choice and how it is influenced by other drivers. This study analysed the speed 

choice of drivers [13]. Results indicated that there was a strong relationship between 

observed speeds and drivers’ reported speed, as well as between observed speeds and 

the intentions to maintain a certain speed [14]. Calisir & Lehto studied young drivers’ 

decision making on safety and seat belt use. The results indicated that drivers’ 

decision-making process towards the use of safety belts was principally influenced 

by demographic factors like gender, grade point average and age [15]. Kong, Zhang, 

& Chen investigated the young drivers’ behaviour with the prediction of the 

personality, attitudes, and risk perception, mainly focusing on risky decisions of 

drivers. Results indicated that temperament traits primarily had indirect effects on 

risk-taking behaviour through their influence on perspective towards traffic safety 

[16]. Letirand & Delhomme investigated speed behaviour as a choice between 

observing and exceeding the speed limits. This research focused on behavioural 

decisions of drivers pertaining to speeding. Results showed that the performance of 
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behaviour and behavioural intention formation were based not on analysis of a single 

behavioural choice, but on evaluation of many potential choices [17]. Bar-gera & 

Shinar studied the intention of passing other vehicles, in other words, the overtaking 

intention. The results of their experiment indicated that there was a robust tendency 

for drivers to pass vehicles that travel ahead of them, though these vehicles would be 

moving faster than their average speed, and therefore, this tendency to overtake 

explained drivers’ speed variability [18]. Nordfjrn, Jrgenson & Rundmo studied 

accident association of personality and gender on risky driving behaviour, focusing 

on both the risky decisions of drivers on the road and how it led to accidents. Its 

results revealed that risky driving behaviour could be strongly predicted by gender 

and normlessness [19]. Gelau, Sirek, & Dahmen-zimmer examined the effects of time 

pressure on older drivers on left-turn decisions. They found a tendency in the older 

drivers subject to the survey to require an additional time gap to execute left turns 

[20]. Zhou, Yu & Wang analysed mobile phone use while driving. The results 

supported the effectiveness of the theory of planned behaviour in predicting the first 

activity intention, which was respondent’s intention.  

Cestac, Paran & Delhomme investigated speeding intentions among young drivers. 

This investigation focused on the decisions of drivers whether to speed up the vehicle 

or maintain proper speed limits while driving on the road. The results revealed that 

apparent “friends’ behaviour” had an additional influence on the intention to interrupt 

the rule than apparent “parents’ behaviour” had. Ladies were additionally 

considerably influenced by their feminine friends and boys influenced by their male 

friends [22]. Atombo, Wu & Tettehfio studied the motivational factors and unsafe 

decisions of drivers. This investigation revealed that the theory of planned behaviour 

corresponding to driver beliefs and to driver behaviour would predict drivers’ 

intentions to rush and overtake to a greater extent than other variables of driver 

behaviour [23]. Kinnear, Helman, Wallbank, & Grayson also have undertaken an 

experimental study of factors associated with driver frustration and overtaking 

intentions. It has focused on overtaking decisions of drivers which resulted in speed 

and influenced frustration. The lower speeds were connected with higher self-rated 

frustration than higher speeds, and drivers’ intention to overtake would be higher at 

lower speeds [24]. 

In relation to the present research, Wang, Mao, Jin, Wang, & Guo studied how the 

drivers take deceleration and acceleration decisions and the human factors 

influencing such decisions. The results showed that there was a strong relationship 

between a driver’s response time to unexpected events and driving behaviour. 

Furthermore, risk behaviour of drivers retarded in their response time to unexpected 

events on the road which leads to accidents [1]. Zhou, Yu & Wang analysed driver’s 



Psychological Responses of Motorcar Drivers to Flashing Amber Lights 

at Signalised T-Intersections 

- 23 - 

intention on un-signalised cross-intersections in China. The results revealed that 

straight-moving vehicle drivers from the proper aspect completed their sponge-like 

selections from 0.9 to 1.3 seconds before reaching the crossing point. However, 

straight-moving vehicle drivers from the left aspect completed their sponge-like 

selections from 0.9 to 1.2 seconds before reaching the crossing point [21]. 

In addition, Kong, Zhang & Chen examined the intention-aware autonomous driving 

decision making in an uncontrolled intersection. The study dealt with the kind of 

decisions that were made by drivers in an uncontrolled intersection. The study 

proposed a self-directed driving decision making algorithm seeing human-driven 

vehicle’s undefined intentions in an uncontrolled intersection [16]. Similar to the 

current research, Li, Jia, & Shao predicted driver behaviour during the yellow 

interval. The study focused on how the drivers made decisions during the yellow 

interval and the results indicated that long distance traveling drivers were more likely 

to make “stop” choices when they approached intersections at the onset of the yellow 

signal [25]. Williams analysed the kind of decisions the drivers made under the 

condition of darkness. The results indicated that road traffic fatalities slightly 

increased during night times even though road traffic crashes significantly decreased 

at night. The higher fatal crash involvement rates brought evidence to suggest that 

night-time conditions would pose a greater danger to road users [26]. 

Previous research showed that drivers made many decisions on the road under 

different situations, and it is apparent that some decisions were good while some 

others were bad. Good decisions create a safer environment on the road while bad 

decisions cause problems to the road users. The studies also indicated that the 

decisions of the drivers were made in a cognitive process that varied from driver to 

another and would depend on several factors. It would be useful to analyse the kinds 

of decisions the drivers would make, and the factors influencing those decisions, in 

view of creating a safer environment for the drivers. In that respect, utility of driving 

could be linked with the driver’s decision making and could be measured based on 

travel time, travel cost, safety, convenience, and privacy. 

A frequently occurring pattern of accidents was found related to drivers with the right 

of way confronted by misjudgement of another vehicle crossing their path [27]. 

Therefore, predicting driver behaviour and assisting drivers in making correct 

decisions when they approach intersections would help reduce crashes at signalised 

intersections [25]. A driver assistance system could improve drivers’ anticipation of 

the driving scene. Rittger et al., in agreement with previous research, found that 

Israeli drivers exhibited great variance in their reaction to the flashing green [28], and 

thus, flashing-green intervals at the end of the green interval could not be considered 

as increasing safety at signalised intersections. Warning beacons could be warranted 
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at intersections when no conflicting vehicular approaches were faced. Beacons 

usually flash at a rate of not less than 50 and not more than 60 times per minute. The 

illuminated period of each flash should not be less than one-half and not more than 

two-thirds of the total cycle [22]. The response time of the drivers to the effect of 

amber lights could vary from 0 to 3 seconds [2]. 

The risk of vehicle crashes at road intersections during amber light operation is high. 

Relative to T- Junctions, the fatality risk at X-junction would also be higher during 

amber lights because of a greater number of approaching lanes and high likelihood of 

side-impact crashes [29]. Examining the driver behaviour, particularly at an X-

junction, is a task of greater complexity. Even though not directly relevant to this 

study, machine learning, combined with probabilistic analysis, could be used to 

develop models pertaining to driver behaviour, which could be of help in evolving 

strategies to reduce risky driving behaviour [32]. Abuali & Abou-Zeid proposed a 

solution to prevent vehicle collisions based on advances of in-vehicle smartphone 

sensing capabilities and communication, and using recently developed applications 

in driver behaviour modelling such as cloud-based services [33]. The present research 

was conducted to examine how drivers psychologically react to flashing amber lights, 

by assessing speed levels of vehicles passing a T- intersection. 

3. METHODOLOGY 

The methodology used for the study was speed variation measurement. Five location-

based speed levels of vehicles approaching a T-intersection were measured when 

amber lights were flashing. The measurements were taken to determine speed levels 

at distances of 25m (D), 50m (C), 75m (B) and 125m (A) away from the traffic light 

post, and at the traffic light post (E). The speed of vehicles passing the junction was 

measured 50m (F) away from the traffic light.  

 

Source: Author compilation 

Figure 1: Positions at which the speed levels are measured 



Psychological Responses of Motorcar Drivers to Flashing Amber Lights 

at Signalised T-Intersections 

- 25 - 

Figure 1 demonstrates the demarcation of survey points at the selected T-intersection 

(Katubedda Junction, Moratuwa, Sri Lanka). The measurements were taken using the 

Speed Gun technique and Time-Distance technique. Hence, two types of speed, 

namely, “time mean speed” and “space mean speed”, were captured during the 

survey. Later, space mean speed also was converted to time mean speed for the 

purposes of the analysis. 

The average speed between any two points was determined by dividing the total 

distance by elapsed time, as depicted in the Figure 2. 

 

 

 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑝𝑒𝑒𝑑 𝑎𝑡 𝑄 =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑇𝑖𝑚𝑒
=

𝑋

(𝑡2 − 𝑡1)
 

Figure 2: Graphical representation of Time-Distance technique 

To determine a single-speed level, time values of two points were needed. A survey 

for the collection of data was conducted on 22nd March 2018 at Katubedda junction, 

Moratuwa, Sri Lanka. In the survey, vehicles moving towards Moratuwa direction in 

the 3rd lane (lane nearest to centre-median) in A2 road (Galle Road) were considered. 

The north bound traffic data (towards Colombo) were not collected in this survey. 

Speed variation measurement was implemented as the methodology in the study, as 

it could act as a proxy to the psychological response of the drivers.  

Thus, the psychological response of drivers to flashing amber lights could be 

assessed. Three ideal situations, as depicted in speed variation graphs in the Figure 3, 

were expected to be representing the results, namely:  

• A minimum point of the speed levels at the colour light position; 

representing the desirable psychological response for flashing amber lights, 

• Constant speed throughout the surveyed distance; representing no 

psychological response for flashing amber lights, 

• A maximum at the colour light position; representing undesired 

psychological response. 
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Figure 3: Rough sketches of the possible expected situations 

4. ANALYSIS AND RESULTS 

A total of 758 vehicles were surveyed and the speeds were calculated from the data 

collected in 3 samples between 10.50 pm to 00.50 am which were grouped into six 

speed levels. Table 1 summarises minimum, maximum, and average speed levels 

across all survey points on either side of the T-intersection. 

Table 1: Summary of the processed data 

 A (125m) B (75m) C (50m) D (25m) E (0m) F (-50m) 

Maximum speed (kmph) 90.0 90.0 88.0 90.0 81.0 120.0 

Minimum speed (kmph) 25.7 20.0 19.0 22.5 19.0 20.0 

Mean speed (kmph) 59.2 36.5 44.8 45.4 43.2 49.1 

Standard Deviation 22.5 19.8 11.8 17.1 11.4 21.5 

Coefficient of Variation 0.380 0.542 0.264 0.376 0.263 0.437 

Source: Primary data through speed survey 

Table 1 presents the various attributes of data at different sections of the signalised 

T-intersection depicted in Figure 1. The variation of values demonstrates that the 

actual scenario nearly matches with the expected scenario – vehicle slowing down at 

the intersection shown in Figure 3. However, different minimum values were reported 

as vehicles had different speed levels. Therefore, the more meaningful way was to 
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analyse the mean speed across the T-intersection. It would give an insight into driver 

behaviour in terms of vehicle speed and their decision making with respect to risk 

while crossing the T-intersection. The minimum mean speed was registered 75m 

away from the junction, in contrast to the expectation of observing the minimum 

mean speed at the junction. However, as expected, maximum mean speeds were 

registered at the far end of inbound vehicle flow and just after passing the junction. It 

means that drivers approached and passed T-intersections at free-flowing speed. 

Considering solely the maximum speed at each point, it could be deduced that 

motorcar drivers responded to amber light at signalised T-intersections as intended 

by the authorities. That was because the minimum value of the maximum speed was 

recorded at the T-intersection. However, the scatter plot analysis of speed level 

variations, performed using data gathered through the survey, graphically depicted in 

Figure 4, indicated a marginal difference of the minimum speed of vehicles occurring 

before the midpoint of the intersection. 

 

Note: The middle of the junction is at 0m 

Figure 4: Speed level variations of vehicles passing Katubedda junction 

during amber lights 

In Figure 4, the values of the x-axis represent distances from amber light at which 

speeds were calculated. Negative values of distances denote the approaching 

direction of vehicles and positive values denote the passing distances of vehicles from 

the junction. Only the through traffic at the T-intersection was considered. The impact 

on the speed of the following-on vehicles towards the T-intersection, from those 

turning vehicles to the minor road, is negligible because only the inner lane traffic 

was considered in the analysis. 
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The resultant speed variation curve against the distance to the amber light (Figure 4) 

was a quadratic curve with a “minimum speed” observed 20 metres before the 

midpoint of the intersection. This implied that the speed reduced when vehicles 

approached the amber lights at the T-intersection. However, although the speed 

reduced, the minimum average remained at 40km/hr (maximum recorded was over 

50 km/hr for more than 1/3 of the vehicles counted). These observations brought 

suggestive evidence to infer that the drivers would be having a marginal response to 

flashing amber lights with a higher variance.  

This is a serious issue at a T-intersection. It is a questionable behaviour of drivers, as 

they probably would glance at the incoming traffic towards the T-intersection from 

crossroads before arriving at the T-intersection and gradually speed up thereafter, if 

there was no sign of a vehicle approaching or passing through. Hence, drivers would 

possibly have less ability to react to any sudden vehicle approaching at T-intersections 

at the time of passing through it under amber light at a speed of 40 to 50 km per hour. 

This would also imply that the flow rate on minor roads could have an impact on the 

speed variations in the major road.  

Tay revealed that there was an increased severity of crashes at intersections that 

occurred during the night-time. Due to the lower traffic density on the roads at night, 

the motorists showed a greater propensity to speed their vehicles. This behaviour 

would lead to increase the probability of occurring accidents and their severity [29]. 

Apart from this, drivers would be unable to respond quickly and effectively at night, 

because of late-night drowsiness and low visibility. Delay in driver reaction would 

imply that relatively a shorter time available for a driver to slow down the vehicle, 

giving rise to increased severity of crashes and fatalities. 

 

Figure 5: Driving behaviour with distances to amber light 
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Based on Figure 5, from 125m to 20m was the distance where the risk aversion 

behaviour of drivers was observed. At point 20m to the amber light drivers appeared 

taking the risk after analysing visual observations. This risk-taking point of drivers 

may vary depending on age, sex, human vision, stress level, and driving condition.  

The utility is the level of satisfaction that a human being gets while they make any 

decisions. People make their choices based on the level of satisfaction that they get 

from their choices. The utility is the preferences of people that enable them to be 

represented in numerically useful ways [30]. Driving decisions also would be 

influenced by the level of satisfaction that the drivers get through driving. Utility 

matters when the drivers make the decision whether to drive or not and to choose 

which route to take and which mode to be selected for driving. Schubert evaluated 

the utility of driving toward automated decision making under uncertainty and the 

results indicated that the utility of driving could be evaluated toward pre-set decision 

making under insecurity. The level of utility varies from person to person. The 

drivers’ travel utility maximization model confirms that the drivers display risky 

behaviour under certain circumstances [31]. The results of the present analysis also 

confirm the same, that the drivers take a calculated risk. When approaching a T-

intersection, they behave differently; one with lower speed but another with relatively 

higher speeds. A greater variation in speed levels across T-intersections demonstrates 

the decision making of drivers regarding the speed level and hence their 

psychological response to amber lights.  

5. CONCLUSIONS AND FUTURE RESEARCH 

From the study, it could be concluded that the expected response of drivers from 

flashing amber lights was marginally reflected by the speeding behaviour of drivers. 

Flashing amber lights are implemented to signal drivers to drive with caution. Hence, 

it is expected that drivers would slow down vehicle speeds at the junction. However, 

results of the study produced suggestive evidence to infer those drivers would tend to 

slow down their vehicles before arriving at the T-intersection and accelerate even at 

the T-intersection. 

The difference observed between expectation and responses could be a reason for T-

intersection collisions at odd hours. Therefore, the effectiveness of using flashing 

amber lights as a measure for accident prevention at T-intersections is questionable. 

The results indicated that the traffic along the main corridor did not proactively 

respond to the amber light, and as a result, there would be a high chance of collision. 

Therefore, to mitigate the issue, the traffic light system facing the joining roads 

should guide and alarm the incoming traffic towards T-intersections. In this regard, 

system capable of capturing a speedy vehicle approaching towards T-intersection 
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along the main corridor and indicating red signal to the vehicle approaching from the 

joining road, could be recommended. 

Implementing a real-time intelligent traffic light system under machine learning 

concepts could also be recommended as a measure of preventing T-intersection 

collisions at odd hours. In such a system, the duration of traffic light transitions would 

change depending on the volume of the traffic passing along each lane, as detected 

by cameras placed at the junction along each lane. This vision-based decision making 

could thereafter be converted into a controlled decision-making process. In addition, 

more space for give-way at T and X intersections also could help reduce the impact 

of collisions during odd hours. 

The findings of this study can be used as a steppingstone for further research on driver 

behaviour for flashing amber lights in signalised intersections. Out of several possible 

future research areas that can be explored beyond the present study may include 

investigating driver behaviour with respect to different times of the day, locations, 

types of intersections. The present research also can be extended to a four-way 

intersection and compare bi-directional traffic. With that extension, the statistical 

significance could also be compared. Further research may also focus on measuring 

the effectiveness of the aforementioned solutions to control traffic at intersections. 
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