Drivers get busy
Drivers get busy in secondary tasks, such as making phone calls, adjusting radio systems, which divert the attention of driver from primary task of driving. Literature studies showed that the external and internal conditions are the main distracting factors for driving. To ensure the driver's safety while performing secondary tasks during drive, different workload management systems are proposed. Zonal Adaptive Workload Management System is one of those systems which is proposed by Chen and Jordan [1], the level of allowance of driver's secondary task performance depends on the zonal division that takes external traffic conditions, weather and lighting etc into consideration during driving. The review of the literature is to build up the theoretical and data support to zonal division. The statistical analysis of our experiments shows that the average workload rating of images and video clips of different driving situations were almost the same and the participants were not consistent in rating the same driving situation. It has been analyzed that workload rating increases when the weather conditions are raining or snowing, making the road condition wet or freezing, for conditions like raining at night and heavy snow weather conditions the workload rating is the maximum. Bad weather conditions at night like snowing and raining in the subjective questionnaire are rated very high in workload by most of the participants. The average workload ratings provided by the female participants are higher as compared to the ratings provided by the male participants.

The average rating for weather in post test form is the maximum for snowing at night time, because the visibility is poor at night time, snow and rain at night makes it even more poorer, and also these factors make the condition of road critical. The freezing road condition and raining weather condition have the same rating which is quite obvious because road conditions and visibility becomes poor. The usage of systems such as navigation systems, nomadic devices like Personal Digital Assistant (PDA) and mobile phones, driver assistance system and complex information-entertainment (infotainment) systems are increasing in the cars hence the number of functions is increasing controlled by the driver. As a result, the risk of distraction of the driver increases as well as driving and mental workload. In our thesis we will study the external and in-vehicle factors to determine the workload on drivers in a given situation. Through our research, we want to find out answers to the following questions: How did the Workload ratings vary overall? How did the rated workload vary with the Road Type? How did the rated workload vary with the traffic? How did the rated workload vary with the lightning? How did the rated workload vary with the weather? How did the rated Workload vary with the curve? How did the rated Workload vary with the road wetness? How did the rated Workload vary with Driver Age and Sex? How did the rating vary among drivers in different weather conditions? How did the rating vary among drivers in different traffic density levels?

To find out information about our topic and to learn the answers to our research questions, we collected the data from different literature resources and then we gathered pictures and videos of different traffic situations from internet, and we did categorization of each picture and video according to weather, traffic and road conditions etc. Then we defined the workload rating scale, LOS and used questionnaire as a data collecting method and find out the in-vehicle secondary tasks other than driving which would be allowed during our study. Afterwards, we did pilot testing on one subject and finally we carried on with the final testing with 21 subjects.

After completing the testing, we found out that different road types with different traffic density levels with different weather conditions have different workload among drivers from old, middle and young age subjects, during day and night time driving. We had subjects from both genders and female subjects tend to be more overloaded than male subjects in same driving conditions. The average rating for weather in post test form is the maximum for snowing at night time, because the visibility is poor at night time, snow and rain at night makes it even more poorer, and also these factors make the condition of road critical. The freezing road condition and raining weather condition have the same rating which is quite obvious because road conditions and visibility becomes poor.
Purpose and Goal The goal of this thesis work is to evaluate the driver's workload by considering external conditions like road type, traffic density, weather, road conditions and geometry with specific in-vehicle secondary tasks like use of Personal Digital Assistant (PDA), cell phones and navigation systems etc.
The following literature study has formed the basis in our thesis work

A workload management system attempts to determine if a driver is overloaded or distracted, and if so, alters the availability of telematics and the operation of warning systems [3]. Although, there are many in-vehicle task combinations that are of concern, those related to driving concurrently using the phone are mentioned most often.

In Europe, workload managers in Volvo S40 and V40 block telephone calls when drivers are turning or changing lanes, situations where drivers should be focusing on primary task of driving.

There has also been considerable interest in using a workload manager to alter when warnings are presented to drivers. Certainly, workload managers seem like useful devices, helping drivers on the roads to maintain their safety.

One of the first comprehensive efforts in this area was the EU-funded-project GIDS, conducted between 1989 and 1992 as part of the EU DRIVE program. GIDS have since been followed by a number of EU-funded projects aiming towards the development of interaction (workload) management systems, e.g. CEMVOCAS COMMUNICAR and the AIDE project. Similar developments exist in US, most notably in the ongoing SAVE-IT project. There are also several examples of company specific developments, such as the Toyota workload manager, Motorola Driver Advocate, TNO's Co-Drive and a system developed by BMW and Bosch in collaboration with University of Regensburg [4].

Despite the extensive research activities, there are still very few interaction management systems in the market. One exception is the Intelligent Driver Information System (IDIS) that was introduced by Volvo Cars in the new S40 and V50 models in 2003. IDIS represents first generation interaction manger, comparable to the first generation of Motorola's Driver Advocate. The IDIS system continuously monitors the demands of the driving situation and schedules certain types of messages such as incoming phone calls and text messages accordingly [5]. For example, if the driver enters an intersection, incoming phone calls are delayed until the intersection has been passed. Due to its relative simplicity, it was possible to implement IDIS on the existing vehicle architecture, exploiting sensor information already existing on the vehicle's data bus.

With the perspective of our study, we have found two types of distractions from literature review [6].
· Internal (within the vehicle) Distractions

· External (outside the vehicle) Distractions
Internal distractions are further divided into four sub categories [7].
· Physical

· Auditory

· Visual

· Cognitive
Driver's attention is diverted due to a source inside the vehicle, some objects, interaction with another person or animal, or interaction with built in devices within the vehicle, for example, adjusting the radio, cassette or CD player, radio, cell phone or wireless phone. Most of the times young drivers were involved in this kind of distraction causing crashes [8].

For example responding to a ringing cell phone and . Cell phone use imposes physical, visual and cognitive demands on driver. Studies have shown that drivers reported greater willingness to engage in vehicle activities was also those that appear to place greater value on these in-vehicle tasks, e.g. when considering the cell phone use, they attributed greater importance to answer [9].

A NHTSA study on wireless communications found the safety implications of using cell phones while driving. The study concluded that the inattention and distraction caused by the cell phone usage while driving, increases the chances of a crash. Mobile phone usage simply increases the chances of a crash or collision by up to four times [10] and it causes auditory, physical and cognitive distraction and driver's reaction time and power of decision making is affected and it becomes hard for the driver to maintain its speed and control on the vehicle. The use of mobile phones during driving also distract the driver along with the making the notes or noting down the phone number on paper. Sending a text message is more distracting than simply talking on a mobile phone. Research has found that talking on a mobile phone is more distracting than holding an intelligent conversation with a passenger, but no more distracting than eating a cheeseburger. Cell phones and CD players are detrimental to the driving behavior of all, not just novice, drivers. All drivers were slower to identify hazards when on the phone. When on the phone, drivers restricted their visual scanning [11].

A recent public opinion poll conducted by POLLARA, Canada's largest public opinion and market research firm, suggests that it is time to adjust Canadians' attitudes. Though 89% of respondents were concerned about distracted drivers, an alarming 60% of drivers indicated they would not stop using their cell phones when driving - even when told that their cell phone use makes them four times more likely to be involved in a collision [12].

Visual distractions include looking away from the road way or shortened glances to the road due to some other secondary task, or may be sleepy behavior due to tiredness. A study has found that reading a 2 to 4 line text message could have a substantial effect on visual behavior, for example, increased time looking away from the road scene [13].

As figure describes the drivers must recognize the condition of vehicle and the state of its surroundings through primary visual (but also auditory and haptic) means.

Visual distraction whether intended or not, can interfere with recognition, perception and other cognitive behaviors [1].

There are many kinds of visual distractions while driving. The first is where the driver's visual field is blocked where he should be looking while driving -the front, sides or rear of the vehicle. The second is where the driver neglects to look at these areas, focus instead for some period of time on another visual target, which creates a safe driving issue. The third is when the driver is distracted and his attention wanders from his driving. Any of these three types of problems can impede safe driving [1].

In 1980s, study of accidents resulting in injury or death, 70% of accidents caused by visual distraction involved looking at other cars or pedestrians, or occurred when looking at road signage [2].

Driving while looking at the contents of an in-vehicle display system reduces the frequency and duration of glances at the road to indentify the traffic conditions. For example, in research conducted under real road conditions where text was displayed on an in-vehicle display system, the average length of a glance at the outside environment was 1.5 to 1.7 seconds, while the amount of time spent watching the road decreased to about 50 to 65 % of total eye movement [3].

This means being lost in thoughts, situations like "looked but did not see" or driver was not fully attentive to the surroundings. Based on an analysis of NHTSA crash data, crashes due to cognitive impairment account for approximately 25 percent of police reported crashes [14].

These systems also pose distractions including [15].
· Hard-to-read display screens.

· Inconvenient controls.

· Tangled cables.

· Loose equipment.
Other distractions caused by Navigation system are:
· They usually ask you to do as directed.

· Talking unit encourages everyone in the car to take interest.

· The concentration of the driver is reduced because he/she has to take off his/her eyes from the road.
The task of entering the final destination information is considered to be the most dangerous and distracting task with the use of GPS systems, however the use of voice input technology is helpful to reduce the distraction caused by this task [16].

In Sweden the weather changes quickly so do the road conditions. Such adverse conditions will become hazardous that could cause accidents and injuries. The changing weather i.e. fog, rain, ice, snow, bright sun light or light reflections can affect the road visibility. For the safer driving it's important to adjust the driving to meet the conditions of the road. Drivers do perceive the weather related risk and could change the behavior to some extent so the strategy that could prevent them from the accident will not be always successful. The Swedish Road Administration started an experimental work called VSL (Variable Speed Limits) in 2004 and E6 Halland (located in Southwestern part of Sweden) is an example of Weather Controlled highway [17]. The speed limit varies according to the weather conditions and it is controlled by the Traffic Information Center (TIC) of the Swedish Road Administration in G�teborg. Similarly in Finland TWIS (Traffic Weather Information Service) is a service designed for the drivers that forecast the weather in a specific region which is governed by the Finnish Road Administration (FINNRA) [18]. They divided the weather into three categories.
· Normal

· Poor

· Very Poor
This categorization was rated by the drivers on the TWIS scale. Of all the conditions ratings by drivers, 35% suggested normal, 52% poor and 13% very poor driving conditions.

Level and complexity of traffic environment influence on driver's behavior while doing secondary tasks during driving [19]. The effect of the Secondary tasks performed on the country side road is quite different if the same tasks performed on the other urban environment demanding less spare cognitive capacity available for the performance of the secondary tasks. Different studies showed the performance of the non driving secondary tasks and their complexity in different traffic environment [20, 21].

Quantitative estimates for low and high traffic density level could come from literature or be developed by asking technical experts to generate values. For example, for traffic, good traffic situation might be considered LOS A and poor LOS E. Data on traffic (vehicles/lane/hour) could be obtained in real time from traffic message broadcasts, estimated from previous traffic counts on an hour-by-hour basis, or estimated from ACC (Adaptive Cruise Control) radar system returns.

Another study conducted in M�lndal, G�teborg, Sweden [22],

The traffic flow on the motorway (E6) is about 80000 vehicles per day. The speed limit is reduced in steps from 90 km/h to 70-50-30 km/h in dense traffic. When dense traffic is detected (approximately 950 vehicle/h and lane) the speed limit is reduced to 70 km/h to prevent the occurrence of sudden break-down of capacity. When the risk of queue is detected (v<35 km/h and 20% occupancy) the normal incident detection function for MCS (Motorway Control Systems) is used for control. When queue formation is detected (v<15 km/h) the speed limit is further reduced to 30 km/h).

In Sweden most of the roads are in good condition although some of them have bumps and pits on it especially in winter with the winter tires these bumps make an enormous difference on the uneven roads. Temperature and road conditions make the roads slippery that cause accidents on the roads. Normally road with packed snow is often less slippery as compared with the wet road so the drivers use their own judgment to maintain the maneuverability. The road conditions have been divided into dry, wet, snow, ice and very slippery [23].

The resulting speed in very slippery conditions is only 9 km/h lower than in dry weather conditions. These results indicate that the risk in very slippery conditions will be over ten times higher than in normal conditions. It seems very helpful to assist the drivers in assessing the suitable speed in bad driving conditions. Better adaptation with VSL (Variable Speed Limit), the drivers seem to understand that the weather conditions are really severe.

It has been found in different studies that night time driving is more dangerous and involves more crashes than compared to day driving. Visibility at night is limited by the range of headlights and the fact that many important obstacles, like dark-clad pedestrians, animals, or unmarked vehicles, present little contrast with the environment [24]. Visibility is further impaired by glare from oncoming headlights [25]. Nevertheless, most drivers do not adjust their speed sufficiently to compensate for these visual problems [26, 30], contributing to elevated risks when driving in the dark [31]. [29] found that drivers only appeared to compensate for visual problems due to glare.

When driving in challenging environments, such as winding narrow roads. Night vision declines naturally with age, due to the age-related changes in the eye, such as yellowing of the lens [32] and less opening of the pupil [33]. Older drivers' impaired night vision is often further compromised by their reduced ability to cope with glare from other light sources, particularly oncoming headlights [34]. Glare can cause temporary blindness [35] that has longer duration for older drivers. Older drivers also find it more difficult to see low contrast features such as road edges and unlit obstacles on the road at night [36]. Perhaps as a result of these deficiencies, older drivers have elevated night time crash risks compared to all other age groups apart from young drivers [32]. High teenage driver risk is due to a combination of their inexperience and risky driving style [37]. Humans are typically sleepier at night, leading to higher crash risks [38].

In particular, Horne found that, associated with circadian rhythms, someone driving between the hours of 4 and 6 a.m. was 10 times more likely to be involved in a crash than someone who was driving in the middle of the morning or early in the evening. Higher crash risks, particularly between midnight and 6 am, have been found in other studies [39]. Further, the increased crash risk for night time driving appears to be independent of time on task [38].

There are a limited number of studies that have estimated risk of driving at night per distance driven. [32] examined U.S. fatal crash involvement risk of three age groups, young drivers (aged 16-24), older drivers (aged 65 plus) and other drivers (aged 25-64) by combining fatal crash data with estimates of distance driven from transportation survey data. They found that night time risks were highest for the young drivers and higher for the older drivers than for drivers aged 25-64. [40] Used similar methods on more recent data. Their results were generally consistent with those of [32], showing a U-shaped night time fatal risk curve against age, highest risk being for young drivers. Dividing night risk by day risk for each age group to create night time relative risk estimates showed that young drivers had the highest relative risk, followed by drivers in the middle of the age range, with older drivers having lowest relative risks. Night time injury crash involvement relative risks (night risk divided by day risk) were highest for young drivers, but were close to one for drivers aged 45 plus, indicating no increase in estimated night time risk relative to day risk for drivers aged 45 plus. More recently, [41] found a similar pattern of night versus day fatal crash relative risk to [40], with diminishing relative risks with increasing age. However, the night versus day relative risks of crash involvement showed no well-defined pattern against age, although there appeared to be a tendency for older drivers to have lower relative risks (night versus day) than young drivers. In terms of the crash risk of roads, with and without road lighting at night, [42] reviewed a number of studies evaluating the mean reduction in night time crashes associated with the installation of lighting on previously unlit roads, finding a 64% fall in fatal crashes and a 28% fall in injury crashes.

Simple rural driving entails a range of tasks, including vigilance, reaction time (RT) and tracking. Previous studies have found that performance on these components, when executed individually, also varies with time of day. Performance on these individual tasks was shown to improve across the waking day and decline in the late evening and early morning hours.

Reviews of driving accident data report a prominent time of day effect, with highest accident rates between ca 0300 and 0500 hours, and a much smaller secondary peak between 1400 and 1500 hours. The secondary peak in the number of accidents corresponds with the already established post-lunch dip in performance.
· DAY

· NIGHT
Number of studies has showed that the age of the drivers affects the driving performance and the other in vehicle tasks while driving [43, 44, 45, 46, 47, and 48]. Researchers has identified that the old age people has less ability to do the multitasking due to visual and cognitive capacity as compared to the young people while doing other tasks during driving and also the young drivers with less driving experience are more receptive with the distractions as compared to the experienced drivers. The skills of the young age drivers with less driving experience has less capacity to operate and maneuver a vehicle with less attention recourses and do not have additional capacity for other tasks while driving [49, 50].One more study has examined the different age group, the association between the external and internal distractions of the vehicle while driving and the risks involved in a crash [43]. In this research the old age people are more receptive with the distractions as compared to the young drivers which basically support the McKnight and McKnight, Reed and Green [43, 46]. But on the other hand the research has also shown that the old age drivers busy in the autonomous behavior e.g. interacting with the audio controls and the with mobile phones and then they adjusted the behavior by decreasing the speed to balance the driving performance decrements [51] as compared to the young drivers.

It is quite usual to see that drivers engage in other activities and tasks other than driving like talking to other passengers in the car listening to radio and entering destinations on navigation systems. The use and application of electronic devices is becoming increasingly common, any such activity that requires driver's physical and cognitive resources has the potential to degrade driving performance and can undermine the road safety. Research has shown that mobile phone usage creates physical and cognitive distraction and it impairs the driver's visual search patterns and decision making process. Writing and sending a text message is more distracting than talking on phone. Entering destination information on route guidance systems is believed to be a more distracting task and use of voice input technology can reduce the distraction associated with it. Turning a radio on while driving, poses detrimental effect on driving performance, particularly for inexperienced drivers. A recent study reveals that greater proportion of accidents involved the drivers in eating and drinking (1.75%) than talking on mobile phone (1.5%). Poor road and weather conditions can also increase the risk of being involved in a crash due to many factors like bad visibility and critical road conditions.

This study focuses on workload ratings given by subjects and their perceived level of safety for 8 in-vehicle tasks.

The clips and images of different driving situations have been collected from the different web resources (i.e. YouTube, Vimeo and Flicker). Each clip played twice in order to rate the videos.

The clips and images were broken into Road Type, Traffic, Lightning, Weather, Curve and Road Wetness categorize. Each of these categories was further classified as given below.

After categorization, the clips and images were randomized prior to the start of actual testing session with the participants to obtain non-redundant data from participants.

Workload: 0-100

Where;

0= you are free and can perform other tasks while driving.

100 = you are busy in driving and cannot do other tasks while driving

Clips and images were presented for 4 classes of roads: highways, urban, rural and city center roads. For every road category, the three classes (A, C, E) levels of service (LOS) [58], which is used by civil engineers to rate the traffic volume on the road. Some example definitions for all LOS values are shown in the below Table. This is the more accurate way than describing traffic as light, medium, or heavy. The definition of LOS is specific to the type of road being driven and is determined by the number of vehicles/lane/hour.

In order to reach representative users, the most important user groups need to be identified and described [57].It was planned that the 21 participants will be tested which was divided into three main categories i.e. Young (18-30), Middle (35-55) and Old (more than 65) with equal number of genders having valid Swedish driving License but unfortunately just two young females from Young age group and 18 Males from Young group and one from Middle age and one from old age volunteered for the participation. The principal investigators were there during the whole testing session to help out the participants. One of the investigators was taking notes and the other was guiding the participants. The whole procedure of the testing session was explained to the participants before running the experiments and they were asked to interrupt if they need any more clarification at any point during the testing session. Participants were informed that during this time your audio will be recorded for further analysis. The participants were collected from the different resources through the mailing list from the university. A flyer (Appendix A) has been distributed in the Central Station (G�teborg), different parking lots in the city, pasted the flyers on different public point's university, email lists were collected from the university. Two free cinema tickets has been reimbursed to the participants for their time.

The one possible way to collect data from different participants during interactive information retrieval (IR) experiments is to use questionnaires [56]. Pre-planned questionnaires from the Paul Green studies [59] were used to collect data with small changes. Data form was used to gather the information from the subject that will help us to analyze the data from the user with more detailed information. The purpose of the Rating form was to find the other secondary tasks that can be allowed during that driving situation and how do the workload ratings differ in different weather and traffic conditions.

We are expecting that the questionnaires will most probably produce a high response rate. The division of questionnaire is as follows;
· Consent Form (Appendix B)

· User Data Form (Appendix C)

· Rating form (Appendix D)

· Post test form weather and traffic (Appendix E, F)
The following table shows the 8 in-vehicle tasks allowed while driving.

Video Clips and Images was shown on HP Compaq nx9420 with built-in Microphone to record the audio Dell Studio 1555 with built-in Microphone to record the audio

After completing all the requirements and the designing of the testing session, we decided to run pilot test with one user to ensure that the designed session meets with the user requirements for the testing session. One student from the university volunteered for this session and the whole procedure was tested with the same sequence and with instructions on the participant. The basic purpose of the session was to find the problems and what are the strategies that can be adjusted in the pilot test to refine the actual tests. The session evaluated by getting feedback from the volunteer about the questionnaires, their clarities and the strategies used for the whole testing session and small medications were made in questionnaire before moving on to formal tests.

Description is given below:
· Testing location: Chalmers University of Technology, Sweden.

· Estimated length of testing session per subject: 1 hr 45 min.

· Total number of days for testing: 30

· Total Number of subjects tested: 21

· Total number of male subjects: 19

· Total number of female subjects: 2

· Total number of subjects from Young age group: 18

· Total number of subject's Middle age group: 2

· Total number of subject's Old age group: 1

· Total number of clips/images shown = 39
The following table shows the more detailed description of the subjects involved in testing sessions.

Table shows a summary of sequence of test activities. The experiment activity took almost 2 hours for every subject. After greeting the participants, consent (Appendix B) and user data forms (Appendix C) were given to complete. The user data form concerned their experience with driving and driving license for every subject was also checked to verify the ability of the subject.

Participants then sat in front of the notebook computer and were instructed about the test session and filling out the necessary information in rating form (Appendix D). They were also explained by giving the example and making them understand about the test and then they carried on. After the completion of test session 1, five minutes of break was offered, then test session 2 for images continued. Finally, subjects completed post-test forms for weather and traffic level and were given two cinema tickets as a reimbursement for their time. Description is of testing session is given in following table.
Subject Greeting
· Meet the subject in the lounge near kitchen.

· Introduce yourself and verify the subject:
"Hello, my name is - State your name, you must be - State Subject Name"
· Ask if the subject wants to go to the restroom or get a drink

· Take the participant to the testing room

· Verify the subject's with the driving License and tell the subject to turn off their cell phones.
Subject Forms
· "Our experiment is about the driving and the issues related to it so we need to verify you are a licensed driver. May I please see your driver's license?"
· Give them the Consent Form and tell them to fill it..

· Give them the User Data Form and tell them to fill it.

· Verify the Driving License number with the Driving License.

· Return driver's license
Take the subject in the Testing Room.

"Please sit here and adjust the things according to your needs.
· Adjust Seats.

· Adjust Notebook PC.

· Place Rating Forms and Pens.
Adjust the Screen of Notebook PC:

Adjust the screen and ask the subject "CAN YOU SEE THIS EASILY?"

Tell the subject "We have two sessions in this experiment. In session 1 we will show you different video clips of different driving scenes and each clip will be of 30seconds and that will be played twice. Before playing the clips you will be given a rating form on which you need to rate the clips and here is the ratings parameter Information and you need to write the code in the rating form mentioned in the Rating information paper. In session 2 we will show you pictures and similarly you will be given rating form and use the same parameter information to rate the pictures just like the session 1 and in the end you will be given post form which needs to be filled out and after session 1 we will have a break for 5 mins and here is the pen and rating form.

Please write the codes in the form that can be done while driving in a certain situation.

If you have any comments for any of the clips, please say them. If you have any questions at any time, feel free to ask them.

Give subject 5mins to look at the Rating form and the Information form for rating codes.

Are you ready for the session 1?

Show the video clips and provide them the rating form to rate the videos.

Break

Show the images and provide them the rating form to rate the images.

In the session you need to fill out the rating form while seeing the pictures on Notebook computers.

Fill out the Post test form for both weather and traffic.

Give the Cinema tickets to the participant.

Ask the subject "Do you have any comments or any other questions?"
Check List before the subject Leave
· Consent form

· User Data form

· All the sections of the Rating forms are completed.

· Complete post test form

· Ask for additional comments.
The basic thing we wanted to determine in this study to evaluate the workload and for this evaluation we considered the external conditions, gender of participants and their age groups. The main problems analyzed during analysis are as follows;
· How did the Workload ratings (of Clips and images) vary overall?

· How did the rated Workload (of Clips and images) vary with the Road Type?

· How did the rated Workload (of Clips and images) vary with the traffic?

· How did the rated Workload (of Clips and images) vary with the lightning?

· How did the rated Workload (of Clips and images) vary with the weather?

· How did the rated Workload (of Clips and images) vary with the curve?

· How did the rated Workload (of Clips and images) vary with the road wetness?

· How did the rated Workload (of Clips and images) vary with Driver Age and Sex?

· How did the rating vary in the Post test form (WEATHER)?

· How did the rating vary in the post test form (TRAFFIC)?
As discussed earlier in Methodology chapter, the workload rating is subdivided into three categorize. Each workload category is compared with traffic situation, road type, weather conditions, day or night and road conditions.

For first category, i.e. 0-40, 13% images fall under this category. It has been analyzed that traffic situation remained Easy with Day timings in Good weather and Dry road conditions.

For second category, i.e. 41-70, 72% images fall under this category. It has been analyzed that workload rating increases when the Weather conditions are raining or snowing, making the road condition wet or freezing. Also, the workload increases when there are a number of cars around in Highway or Urban traffic situations.

For third category, i.e. 71-100, 15% images fall under this category. It has been analyzed with Raining at Night and Heavy Snow weather conditions the workload rating is the maximum.

For first category, i.e. 0-40, total. 8% clips fall under this category. It has been analyzed that Easy traffic situation with Good road and weather conditions have the minimum workload ratings for this category.

For second category, i.e. 41-70, 69% clips fall under this category. It has been analyzed that the Frozen and Wet road conditions with Rain and Snowing weather conditions requires more driver attention on driving task and workload increase in such situations. Also, Middle and Heavy traffic conditions with Night time or in urban areas make the workload to increase substantially.

For third category, i.e. 71-100, 21% clips fall under this category. It has been found during analysis that raining or snowing weather conditions with wet and snow covered road conditions makes it very hard for driving and requires the maximum attention to the driving task.

Above graph shows workload ratings split by LOS. In fact, LOS is not an exact value but a range, and that is reflected in the spread of the ratings data. However, the ratings were consistent in that values for LOS A are usually less than those for LOS C. Also, LOS's were spread across different road types, so a range of values makes sense for each LOS.

It is interesting to see here as to why we took A, C and E despite workload. Our analysis shows that the workload rating for LOS A is always less than C, and workload ratings for LOS E increases when drive conditions becomes more complicated. Meaning that, LOS A is an easy driving condition and LOS C is the medium concentration level driving condition and LOS E requires the maximum attention to drive.

Again, workload ratings split by LOS for images. Our analysis shows that LOS A represent the driving condition with less workload rating, and LOS C represent the medium complexity level driving conditions and LOS E represent the complex driving conditions requiring maximum resources of driver to the driving task.
4.2 Average repetitive LOS Rating of Images Varying with Road Type
As discussed earlier in the Methodology chapter, the Road Type is subdivided into four sub categorize, i.e. Highway, Urban, Country Side and City Center.
Table 4.2: Average repetitive workload rating of all road types. (Images)
The analysis shows that LOS A is the highest on Country side roads meaning that the workload rated is less as compared to other road types because the traffic density is less on country side roads making it easy to drive in those conditions.

LOS C is the highest on Highway and it is relatively easy to drive on highway as compared to other road types and we can see that driving in City Center requires more attention to the driving task.

LOS E is the same for Country, Urban and City Center roads giving the clue that drivers were more careful while driving in these conditions because of traffic density and other distractions.

Average repetitive LOS Rating of Videos Varying with Road Type Fig 15: Average Repetitive Ratings for all Road Types (Video Clips)

The analysis shows that LOS A is the highest for Highway and it is easy to drive on highway because of less workload reported as compared to other road types.

LOS C is the highest for Highway and it is relatively easy to drive on highway with medium level of rated workload as compared to other road types.

LOS E is the highest for Highway and it is relatively easy to drive on Highway as compared to country and road type where the workload rated is high and it's not easy to drive on those roads.
4.3 Average repetitive LOS Rating of Images Varying on Traffic
As discussed earlier in the Methodology chapter, the Traffic is divided into three sub categorize, i.e. Easy, Middle and Heavy.

Fig 19: Average Repetitive Ratings for all types of Traffic (Images)

The analysis shows that LOS A, C and E is the highest for Easy drive conditions meaning that workload rated is less when the traffic density is less as compared to other traffic density levels.

Average repetitive LOS Rating of Videos Varying on Traffic Table 4.3.1: Average repetitive rating of all traffic types. (Videos)

The analysis shows that LOS A, C and E are the maximum for Middle traffic density level in videos and the workload rated for this density is relatively high as compared to other traffic density levels. It shows that workload increases in every LOS when the traffic density is of Middle level.
4.4 Average repetitive LOS Rating of Images Varying on Lightning
As discussed earlier in the Methodology chapter, the Lightning is sub divided into Day and Night.

Table 4.4: Average repetitive LOS rating of Lightning. (Images)

Our analysis shows that workload is higher in every LOS when it is Day drive time as compared to Night drive. It is probably due to other factors like traffic density, poor weather conditions and road wetness making it harder to drive in Day than Night.
Average repetitive LOS Rating of Videos Varying on Lightning
Table 4.4.1: Average repetitive LOS rating of Lightning. (Videos)

Our analysis shows that workload is higher in every LOS when it is Day drive time as compared to Night drive. It is probably due to other factors like traffic density, poor weather conditions and road wetness making it harder to drive in Day than Night.
4.5 Average repetitive LOS Rating of Images Varying on Weather
As discussed earlier in Methodology chapter, the Weather is divided into Light Snow, Heavy Snow, Good and Rain.
Table 4.5: Average repetitive LOS rating of Weather. (Images)
Our analysis shows that LOS A and C have higher percentage of Good weather conditions and it is easier to drive in these conditions. Whereas, in LOS E, Light and Heavy snow have higher percentage than other conditions and it is relatively hard to drive in these conditions.

Average repetitive LOS Rating of Videos Varying on Weather Table 4.5.1: Average repetitive LOS rating of Weather. (Video Clips).

Our analysis shows that LOS A and C have higher percentage of Good weather conditions as compared to other weather conditions and it is easier to drive in such conditions. Even in LOS E, Good weather conditions have higher percentage than Rain conditions, but other factors like traffic density levels and lightning may have made drive relatively more complex.
4.6 Average repetitive LOS Rating of Images Varying on Curve (Road Geometry)
As discussed earlier in Methodology chapter, the Road Geometry is divided into Good view and No Curve.
Table 4.6: Average repetitive LOS rating of Curves. (Images)
Our analysis shows that LOS A, C and E have higher percentage of roads with No Curve and roads are straight and straight roads requires less attention to driving task as compared to the roads having curves. Good view condition has the maximum value in LOS C.
Average repetitive LOS Rating of Videos Varying on Curve (Road Geometry)

Table 4.6.1: Average repetitive LOS rating of Curves. (Video Clips)
Our analysis shows that LOS A, C and E have higher percentage of roads with No Curve and roads are straight and straight roads requires less attention to driving task as compared to the roads having curves. Good view condition has the maximum value in LOS C.
4.7 Average repetitive LOS Rating of Images Varying on Road Wetness
As discussed earlier in Methodology chapter, the Road Wetness is sub divided into Dry, Wet and Snowing road condtions.
Table 4.7: Average repetitive LOS rating of Road Wetness. (Images)
Our analysis shows that LOS A, C and E have higher percentage of Dry road conditions, which makes it easy to drive than wet and snowing road conditions. In LOS C and E, wet and snowing road conditions have also been reported in fewer percentages which require relatively more concentration to driving.
Average repetitive LOS Rating of Videos Varying on Road Wetness

Table 4.7.1: Average repetitive LOS rating of Road Wetness. (Video Clips)
Our analysis shows that LOS A, C and E have higher percentage of Dry road conditions. In LOS E, wet road conditions have also been reported contributing to hard driving situations.
Fig 55: Participants Age Group
Total numbers of participants tested during experiments were 21, maximum numbers of participants were from young age group and the maximum of them were students. We think that reimbursement cost of the experiment was not that much attractive for potential participants, and this is the reason that we were not able to have the good quality of participants. We suggest that it should be something which is equally attractive for every age group. We got only one participant from old age group, and two from middle age group, participants from these age groups should be raised in future studies to have more consistent data and valuable feedback on experiments, which can make the results more realistic and meaningful.

We distributed flyers (Appendix A) through mailing lists, parking lots, notice boards, face book, the local news portal, elevators, by hand distributed to taxi drivers at taxi stands, student unions buildings of both campuses, advertisement boards at Gothenburg city center. We think that this distribution mechanism should also be refined and flyers (Appendix A) may also be distributed through newspapers and online forums of the local city.

The total numbers of male participants were 19 as compared to 2 female participants from young age group. We think that there should be equal number of participants from both sex groups. Initially, we planned to have same number of participants from both sexes but we were not able to attract more female participants.
Fig 56: Number of Male and Female Participant

Fig 57: Average LOS Rating
The average LOS rating rated by the female participants was higher than the LOS rated by the male participants because female participants were more careful for driving task and they rated higher workload and they were less experienced drivers than male participants.
Fig 58: Average repetitive LOS rating Weather. (Post Test Form)
The average rating for weather in post test form is the maximum for snowing at night time, because the visibility is poor at night time, snow and rain at night makes it even morepoorer, and also these factors make the condition of road critical. The freezing road condition and raining weather condition have the same rating which is quite obvious because road conditions and visibility becomes poor.
Ratings varying in Post Test Form (Traffic)

Scenario 1
You are driving in the right lane; there is no car ahead in your lane and one car is in the left lane. Two cars are behind you, two cars behind are you in the left lane. (Appendix G)
Scenario 2
Driving in the right lane, just one car is behind you two cars are in the other lane; one is just beside you and one behind that car and no car ahead in your lane. (Appendix G)
Scenario 3
You are driving in the left lane. One car is behind you and one car is ahead in your lane. Two cars are in the right lane just beside you. (Appendix G)
Table 4.9.1: Average repetitive LOS rating Traffic. (Post Test Form)
Fig 59: Average Rating for Traffic (Post Test Form)
Scenario 3 is a relatively tough driving condition and average rating is the maximum for this. Scenario 1 is a fairly easy driving condition and average rating is less for it.

There is a need to develop a strategy to attract participants from different age group and equal number of male and female participants. Also, the advertisement is needed to be designed in a way that it can help to attract participants from every age group and advertisement should be propagated more intelligently and effectively.

Also, our analysis of results has shown that there were not a significant difference between images and videos shown to participants, and therefore, we would like to recommend that in future studies, it might be helpful to include only video clips, because they can provide more information on varying drive conditions with the moving car and it will also save the time during experiment and analysis phase. We have shown the clips and images to participants on notebook computers. It would be much better to carry these experiments in simulated environment. Another alternative solution can be to run the realistic experiments.

