
Simulated driving - the impact of an induced visual acuity reduction in elderly, I Bernal Lazón, N Olson, E Zetterberg 

 

The institution of Clinical Neuroscience 

Master in Clinical Optometry 

Master thesis, 15 hp 

Spring term 2020 

 

 

 

 

 

”Simulated driving - the impact of an induced visual acuity 

reduction in elderly” 

”Simulerad bilkörning - inverkan av inducerad visussänkning hos 

äldre”  
 

 

 

 

 

 

 

 

 

 

Authors: Isabella Bernal Lazón, Nikolina Olson, Emma Zetterberg 

Supervisor: Marika Wahlberg Ramsay, The institution of Clinical Neuroscience  

Examiner: Marika Wahlberg Ramsay, The institution of Clinical Neuroscience 



Simulated driving - the impact of an induced visual acuity reduction in elderly, I Bernal Lazón, N Olson, E Zetterberg 

Abstract 

Aim: The aim of this study was to investigate whether an induced visual acuity (VA) reduction below the 

driving licence requirement affects the driving ability in a simulated driving environment in an age group 

between 60-80 years.  

Background: A debate has been rising in Sweden regarding the possibility to impose mandatory examinations of 

the visual function after a certain age in connection with the renewal of the driving licence. Several visual 

functions play a role in navigating safely in traffic and it is important to establish which ones to examine. This 

study will focus on VA and its impact on driving performance. 

Method: 40 subjects ranging between 60-77 years (habitual VA ≥1.0) were divided into one control group and 

one experimental group. A questionnaire regarding their driving habits was filled. For the experimental group, 

the VA was reduced to 0.4 by adding plus lenses according to the relevant test distances. The control group 

remained with a VA of 1.0. They proceeded with the Useful field of view (UFOV) test which placed the 

subjects in a risk category. The subjects also drove in a simulator for 20 minutes where parameters such as 

number of collisions, TTC (time to collision) and speed violations were measured.  

Result: The average age for our subjects was 68.1 years (SD±4.9). The survey of driving habits showed similar 

results between the two groups where the major part drove a few times a week. The majority of our subjects, 

regardless of VA, was categorised in risk group 1 in the UFOV test. There was no significant difference 

between the groups regarding the analysis of collision with vehicle (p=0.4756), collision with a pedestrian 

(p=0.1914), number of speed violations (p=0.5158) or TTC from 11 scenarios (p>0.05).  

Conclusion: The results indicate that before imposing mandatory visual examinations after a certain age, a 

proper evaluation regarding the requirement for VA needs to be done. As the experimental group driving 

with VA 0.4 did not show a significant increase in number of speed violation, collisions, difference in TTC or 

where placed in a higher risk group in the UFOV test, the current VA requirements of 0.5 might not be a 

relevant demand and could therefore lead to many driving licences being revoked unnecessarily. However, 

this study does not take driving in different light conditions into consideration which also is an important 

factor that needs to be accounted for. Hence it is of great importance to further examine which other visual 

functions that might affect the ability to safely drive a vehicle, for example contrast sensitivity. 
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Sammanfattning  

Syfte: Syftet med studien var att undersöka huruvida en inducerad visussänkning under synkravet för körkort 

påverkar körförmågan i en simulerad körmiljö i åldersgruppen 60-80 år.  

Bakgrund: Det pågår en debatt i Sverige gällande införandet av obligatoriska synkontroller efter en viss ålder i 

samband med förnyandet av körkort. Det finns flera olika synfunktioner som anses vara viktiga för förmågan 

att framföra ett fordon säkert i trafiken och det är viktigt att fastslå vilka som är nödvändiga att undersöka. 

Denna studie fokuserar på visus och dess påverkan på körförmågan.  

Metod: 40 medverkande i åldrarna 60-77 år (habituell visus ≥1,0) delades upp i en kontrollgrupp och en 

försöksgrupp. Alla medverkande fick fylla i ett frågeformulär gällande deras körvanor. Försöksgruppens visus 

reducerades med plusglas till 0,4 på relevant avstånd för testerna, medan kontrollgruppen utförde testerna 

med synskärpa ≥1,0. Ett UFOV test utfördes vilket placerade försökspersonerna i en riskkategori. 

Avslutningsvis kördes 20 minuter i en körsimulator där parametrar som antal kollisioner, TTC och 

hastighetsöverträdelser registrerades.  

Resultat: Medelåldern för de medverkande var 68,1 år (SD±4,9). Frågeformuläret gällande körvanor visade 

liknande resultat mellan de två grupperna och merparten körde några gånger i veckan. Majoriteten av våra 

försökspersoner, oavsett VA, kategoriserades i riskgrupp 1 i UFOV testet. Det var ingen statistisk signifikant 

skillnad mellan grupperna gällande analys av kollision med fordon (p=0,4756), kollision med fotgängare 

(p=0,1914), antal hastighetsöverträdelser (p=0,5158) eller TTC från 11 scenarier (p>0,05). 

Slutsats: Resultatet indikerar att det innan införandet av synkontroller efter en viss ålder borde göras en utförlig 
utvärdering av visuskravet. Då försöksgruppen som körde med VA 0,4 inte visade en signifikant ökning av 
antalet hastighetsöverträdelser, kollisioner, någon skillnad i TTC eller i större utsträckning kategoriserats i 
högre riskgrupp på UFOV-testet är det rådande visuskravet för körkort möjligen inte ett rimligt krav och 
skulle därför kunna leda till att många körkort blir indragna i onödan. Denna studie tar dock inte hänsyn till 
körning i mörker vilket är en viktig faktor som behöver tas med i beräkningen. Det är därför viktigt att vidare 
utreda vilka andra synfunktioner som kan påverka körförmågan, till exempel kontrastkänslighet. 
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Background 

Visual function is of great importance when it comes to safe driving and navigation in traffic. When applying 

for a driving licence in Sweden, often around the age of 16 years, a mandatory examination of the visual 

function is done where VA and field of vision are tested. The required binocular VA is 0.5 (all letters on the 

row have to be correctly identified) which can be achieved with or without optical correction. If any optical 

correction is needed to achieve the requirement, it has to be specified in the driving licence. The required field 

of vision is 120° horizontally with a minimum of 50° to the left and 50° to the right side of the fixation point. 

The vertical field of vision requirement is 20° up and 20° down from fixation point (Transportstyrelsens 

författningssamling [TSFS] TSFS 2013:2). The driving licence needs to be renewed every tenth year by filling 

in an application but no further examinations of the vision are performed. Doctors have the right to withdraw 

driving licences if they find a medical condition that might affect the patient's driving ability. An example of 

this could be a visual impairment (Transportstyrelsens författningssamling [TSFS] TSFS 2013:2). These 

requirements are based on EU commissions and are a minimum of what needs to be fulfilled. It is not clear 

by reviewing the commission on which scientific bases they are formed (Europaparlamentet, 2006). 

Many other visual functions that are important to navigate safely in traffic are not tested when applying for a 

driving licence in Sweden. Some examples of such functions are adaptation, diplopia, color vision and 

contrast sensitivity (Thorslund & Strand, 2015). This study will focus on VA and its impact on driving 

performance. Different studies have come to diverse conclusions regarding how important VA is for safe 

driving. Swan, Shahin, Albert, Herrmann and Bowers (2019) showed that VA reduced to 0.5 in itself did not 

affect the time it takes to detect pedestrians in a group of young adults driving in a simulator, while reduced 

contrast sensitivity combined with reduced VA did. However, when Wood, Marszalek, Carberry, Lacherez 

and Collins (2015) tested the effect of blurred vision on the ability to detect pedestrians while driving at 

nighttime, they found that older subjects, ranging from 69-86 years old, had a reduced recognition distance 

even with small (+0.50D) amounts of blur. A study by McGwin., Chapman and Owsley (2000) done in a 

group consisting of 384 subjects in the ages 55-85 showed that VA and contrast sensitivity were important 

factors that affected the experienced driving ability in all ages. A questionnaire of driving habits, 

measurements of visual function and evaluation of mental status was done. Decreased VA showed an 

association with experienced difficulties driving at night that was significant. 

The life expectancy is increasing and the elderly part of the population is growing, hence a larger number of 

elders are driving (Holmström & Wiklund, 2015). Many of the vital visual functions such as VA, contrast 

sensitivity and field of vision have been shown to worsen with increased age (Källmark, 2005; Resnikoff et al., 

2004). Studies have found that elderly are more insecure in traffic (Wood & Mallon, 2001) and along with 

drivers in the age group of 15-24 years they are over-represented in accidents with fatal outcome (Skyving, 

Berg, & Laflamme, 2009; Statistiska Centralbyrån, 2002; Transportstyrelsen, 2018). However, a recent report 

done by Transportstyrelsen (2018) came to the conclusion that elderly diagnosed with different diseases (some 

of them causing visual impairments) are not a greater risk in traffic compared to elderly without a disease and 

Transportstyrelsen therefore do not recommend mandatory health examinations after a certain age. On the 

other hand, Owsley, Stalvey, Wells, Sloane and McGwin (2001) found that elderly are six times more likely to 

be involved in accidents if they have reduced contrast sensitivity. Decreased VA especially in low contrast, 

increased glare sensibility and visual field defects of various degrees are conditions that trouble elderly as 

symptoms of for example cataract or glaucoma (Bowling, 2016). The impact of cataract on the driving ability 

has been proved significant in several studies (Wood, Chaparro, & Hickson, 2009; Wood & Carberry, 2006; 

Owsley et al., 2002). Therefore it is still of interest to study how elderly navigate in traffic.  
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As previously mentioned, an examination of the visual function for driving licence in Sweden is performed 

once in connection with the application process. In several other countries a mandatory re-evaluation of the 

visual function is needed for continued hold after a certain age. For example, in Norway the driving licence 

must be renewed regularly after the age of 70 years, which includes both a medical and visual examination of 

VA and field of vision (Førerkortforskriften, (FOR-2004-01-19-298). However, Denmark showed a different 

approach when they in 2017 removed their previous demands for elderly to submit a medical certificate in 

order to renew their driving licence. This due to the fact that there is not enough research done proving 

previous testing has had a positive impact on the rates of accidents (Edmund, 2017a; Siren & Haustein, 2015). 

In addition, they made it possible for continued driving even if the requirements for visual functions are 

unfulfilled, with approval from an ophthalmologist and a pass on the driving test VHK (Edmund, 2017b). A 

debate has been rising in Sweden regarding the possibility to impose mandatory examinations of visual 

function after a certain age (Krav vid förnyelse av körkort, Motion till riksdagen 2018/19:2311; Syntest vid förnyelse 

av körkort, Motion till riksdagen 2016/17.660). According to a recent study done by Synoptik and 

Bilprovningen, 85% of the over 2000 participants were positive to impose examinations of visual function 

regularly for continued hold of driving licence (Synoptik, 2019). 

Similar to visual abilities, cognitive abilities are key to tasks we perform in our everyday life. The cognitive 

ability is a general mental capability that includes skills such as reasoning, problem solving, memory and 

paying attention. Hence, it can be presumed to be of importance when maneuvering a vehicle. A test that is 

commonly used to measure cognitive ability and visual perception is UFOV. UFOV has been used in many 

previous studies and is by some considered to be a more reliable way to evaluate risk behavior in traffic than 

more traditional vision tests, for example VA (Rubin et al., 2007; Hoffman, McDowd, Atchley, & Dubinsky, 

2005; Dukic Willstrand, Broberg, & Selander, 2017; Clay et al., 2005). As the cognitive and visual function 

gradually decreases with age (Salthouse & Ferrer-Caja, 2003; Källmark, 2015), many may not notice the 

gradual changes and thereby not realize that their ability of driving might have been reduced.  

For many, the possibility of driving is associated with freedom. A revoked driving licence may lead to 

depression, isolation and loneliness (Marottoli et al., 2000; Fonda, Wallace, & Herzog, 2001; Ragland, 

Satariano, & MacLeod, 2005) and is therefore something that cannot be done without careful consideration. 

According to the previously mentioned study (Synoptik, 2019) 11% of the participants had binocular VA 

below 0.5 and would risk getting their driving licence withdrawn if mandatory controls were to be imposed. If 

this is reflecting the Swedish population as a whole it would be equal to 700.000 individuals.  

A Swedish study by Ursjö, Andersson, Ekblad and Inde (2019) showed that a visual field defect larger than 

what is accepted according to today's requirements does not necessarily correlate with being a dangerous 

driver. 19 participants who got their driving licence withdrawn because of visual field defects were introduced 

to different kinds of visual training designed to develop eye movement. The results showed that the visual 

field defects were not found to pose obstacles for safe driving after visual training in 14 of the 19 participants. 

Taking all of the above into consideration, it is of great interest to ascertain if a reduced VA just below the 

requirements of 0.5 has a significant impact on the driving ability in an elderly group. 

The aim of this study was to investigate whether an induced VA reduction below the driving licence 

requirement affects the driving ability in a simulated driving environment in an age group between 60-80 

years. 
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Research questions: 

• Is the visual perception affected?  

• Is the ability to avoid collisions affected? 

• Is the driving speed affected?  
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Material and methods 

Subjects  

This experimental study consisted of 40 subjects. They were recruited among the patients at the Department 

of Optometry at St Erik Eye Hospital in Stockholm, relatives, from members of NTF (the national society for 

road safety) and in optical stores. They were divided into two groups - one control group of 20 subjects and 

one experimental group of 20 subjects.  

Inclusion criteria for all of the subjects were ages between 60-80 years, binocular visual acuity (VA) of ≥1.0 

(decimal scale, at least 60% of the letters on the row had to be identified correctly) and a driving licence valid 

in Sweden.  

Method 

A short survey regarding the subjects’ driving habits was filled (see appendix 1) prior to the measurements. 

VA was measured monocularly and binocularly in high contrast with a LogMar chart (logarithm of the 

minimum angle of resolution). All the VA measurements were performed in the same room with a back 

illuminated VA chart. A Titmus test was done to examine whether stereo vision was present or not. During 

these measurements the subjects wore their own optical correction. 

The control group performed the following tests with their habitual corrected VA (≥1.0, at least 60% of the 

row had to be identified correctly) while the experimental group performed the tests with VA reduced to 0.4 

(they were allowed to correctly identify maximum two letters on the 0.5 row), which is right below the visual 

requirements for driving in Sweden. 

If any optical correction was needed to reach the VA required (≥1.0) the refractive powers were put in an 

optical trial frame, which the subjects wore throughout the rest of the tests. The refractive powers were 

measured with a vertometer from the glasses used during the VA test. If refractive powers were not necessary 

in order to achieve the criteria an empty optic trial frame was used to ensure the same conditions for everyone 

regarding obstruction of view. 

 The method being used to evaluate risk behavior in traffic consisted of two parts:  

1. UFOV 

2. Approximately 20 minutes driving in a simulator  

There were standardized, written instructions for all the tests conducted to ensure that everyone received the 

same information. 

 

UFOV 

UFOV is a computerized test that evaluates the subjects’ visual and cognitive abilities. It measures (in 

milliseconds) how fast the subjects are able to perceive and process information within the field of view. The 

UFOV test consists of three subtests measuring speed of process, divided attention and selective attention. 
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The test algorithm categorised the subjects in risk groups regarding functional impairment that could 

influence normal everyday tasks such as driving (Edwards et al., 2006), as shown below (see Table 1). 

 

Table 1. Possible risk categories from the UFOV test 

Risk group Risk category 

1 Very low 

2 Low 

3 Low to moderate 

4 Moderate to high 

5 High 

6 Very high 

 

The UFOV test was executed on a laptop at a distance of 60 centimeters from the subject in a quiet room to 

minimise distraction. To verify that the proper addition was used for the computer distance, the VA was 

corrected to 1.0 (at least 60% of the letters on the row had to be identified correctly) for the subjects in the 

control group. For the experimental group the VA was reduced to 0.4 with pluspowers (they were allowed to 

correctly identify maximum two letters on the 0.5 row). This was done against a VA chart especially made for 

60 centimeters (see appendix 2) calculated with this formula: 

 

Trial distance in meter x 0.3

Visual acuity
 = Thickness of line in millimeter 

 

Driving simulator  

The driving simulator was automatic transmission and the set-up consisted of three screens, a steering wheel 

and an adjustable chair (see Picture 1). The screens were located at a distance of approximately one meter 

from the subject (the subjects were allowed to adjust the chair themselves). To verify that the proper addition 

was used the VA was once again corrected to 1.0 (for the control group) or 0.4 (for the experimental group) 

against a VA chart, calculated with the same formula as shown above but for a distance of one meter (see 

appendix 3).  
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Picture 1. The set-up of the driving simulator.  

 

All subjects drove the same predetermined program in the simulator in a dark room. The simulation on the 

screens was presented in daylight conditions. The test was in total approximately 20 minutes long, whereof 

five minutes warm-up on a highway, ten minutes in a city area and two minutes in a residential area. During 

the drive, multiple variables were registered in 18 predetermined scenarios such as pedestrians crossing the 

road, a girl running out in front of a bus and a car unexpectedly driving through an intersection.  

Subjective data were taken throughout the driving test regarding the thoughts and experience of the subjects.  

 

Ethics 

This study followed the Declaration of Helsinki and the subjects received written and verbal information 

about the aim of the study and course of action prior to the tests. Participation was entirely voluntary and the 

subjects received information in advance that it could be discontinued at any time without a specific reason. A 

written consent was obtained from all the participants (see appendix 4). All the collected data from the 

subjects were decoded and the results were only published in an unidentified form. Results were processed in 

accordance with current data protection legislation. The subjects’ driving licences were not affected in any way 

regardless of the results.  

The data was analysed using Instat (ANOVA and Fisher's exact test) and Excel for descriptive statistics.  
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Results 
The results are based on tests performed in a subject group that consisted of 21 men and 19 women between 

ages 60-80. The control group consisted of 20 subjects (nine women and eleven men) with a mean age of 68.0 

years (SD±4.7) and the experimental group of 20 subjects (ten women and ten men) with a mean age of 68.3 

years (SD±5.2). The control group had a mean habitual binocular VA of 1.30 (SD±0.24) and the experimental 

group had a mean habitual binocular VA of 1.26 (SD±0.23).  

The average time possessing a driving licence was 48.6 years (SD±4.7) for the control group and 47.1 years 

(SD±8.4) for the experimental group. Two of the subjects in the experimental group did not answer this 

question. The rest of the results from the survey regarding driving habits (see Figure 1) and the results from 

the UFOV test (see Figure 2) are presented below.  

 

 

Figure 1. Answers from the survey regarding driving habits.  

 

Figure 2. Distribution of the subjects in each risk category based on their performance at the UFOV test.  
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The following data was analysed with Fisher’s exact test as the data found was not normally distributed. One 

subject in each group failed to complete the whole drive in the simulator due to motion sickness. This is why 

the data from now on is based on 19 subjects in each group. The tables below show how many of the subjects 

in each group that collided with a vehicle (see Figure 3) respectively with a pedestrian (see Figure 4). Neither 

the analysis of the collision with a vehicle (p=0.4756) nor the collision with a pedestrian (p=0.1914) showed a 

significant difference between the subject group and the experimental group. 

 

 

Figure 3. Number of subjects for each group that did and did not collide with a vehicle. 

 

 

Figure 4. Number of subjects for each group that did and did not collide with a pedestrian.  
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In total there were 361 opportunities in the driving simulator for each group to violate the speed limitations. 

This number was calculated by multiplying the number of subjects with the number of situations where the 

driving simulator measured the subjects’ driving speed. There was no significant difference between the 

groups (p=0.5158) in how many times the speed limitations were violated (see Figure 5). 

 

Figure 5. The number of times each group violated the speed limitation and how many times they did not. 

 

Time to collision (TTC) is the time in seconds it would take for two vehicles to collide if they were to 

continue at the respective speed on the same road. A low TTC increases the probability of collision. TCC was 

measured for each subject in eleven different scenarios. The data was not normally distributed and was 

analysed with a nonparametrical ANOVA (Dunn’s multiple comparison test) for each one of these eleven 

scenarios. The results showed no significant difference between the groups in any of the scenarios (p>0.05). 

 

A regression test was performed with TTC as a constant variable and the result showed no significant 

contribution for either one of these variables: group (control group/experimental group), gender, age and 

number of years possessing driving licence (p=0.3012). 
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Discussion and conclusions 
The aim of this study was to investigate whether an induced VA reduction below the driving licence 

requirement affects the driving ability in a simulated driving environment in an age group between 60-80 

years.  

Result discussion 

UFOV 

The results in our study suggests that VA of 0.4 does not affect the visual perception since the majority of our 
subjects were categorised in risk group 1 (considered a very low risk for functional impairment that influences 
normal everyday tasks) regardless of VA. This also corresponds with the results from the driving simulator 
that showed no significant difference between the two groups considering factors (lower TTC, number of 
collisions et cetera) that might result in higher numbers of accidents. The result from the UFOV test in this 
study is in line with previous studies showing that UFOV might be a reliable way to predict risk behavior in 
traffic (Rubin et al., 2007; Hoffman et al., 2005; Dukic Willstrand et al., 2017; Clay et al., 2005). However, it is 
hard to fully draw conclusions since it would have been desirable to show a correlation between a higher risk 
group in UFOV with higher TTC and higher amounts of speed violations and collisions to support this claim, 
but since none of the subjects were categorised in the higher risk groups it is not possible by looking at the 
result from our study. This correlation is however found in the study by Ruben et al. (2007). 

There are probably several different reasons that contribute to making UFOV correlate better with driving 
performance than VA alone. One explanation could be that the UFOV test takes cognitive abilities into 
account which according to the result in this study seem to be more important for safe driving than a VA 
above 0.5. Charman (1997) discussed the correlation between different visual functions and driving 
performance and came to the conclusion that it is hard to pinpoint a specific requirement needed for visual 
functions. The more important factor seems to be the awareness of your visual limitations and your ability to 
make proper risk calculations considering these limitations, that is to say adapt your driving to your personal 
abilities and prerequisites. One presumption could be that the cognitive abilities tested with UFOV, such as 
the ability for speed of process, divided attention and selective attention, are important in one's capability to 
overlook a traffic situation and make a quick and adequate risk calculation.  

Previous studies have shown that both gender and age are factors that seem to matter as males have twice the 
risk to be killed in traffic compared to women, and especially young males (Skyving, Berg, & Laflamme, 2009; 
Charman, 1997). However, our study showed no significant difference between men and women regarding 
UFOV and driving performance. All our participants are elder and have had their drivers’ licence for an 
extensive amount of time, which could contribute to them calculating risks differently compared to what a 
younger group would have. As we did not have a younger group we were not able to do such comparison.  

Driving simulator  

There was no significant difference between the two groups when comparing how many subjects that were 

involved in a collision. However, many subjects collided with a pedestrian, regardless of VA. More than half 

of the subjects in the experimental group and 6 out of 19 in the control group collided with at least one 

pedestrian. This is mainly explained by one specific incident with a girl running out in front of a bus without 

warning. Most of the subjects had trouble avoiding colliding with her and since the situation was very 

unexpected it is not surprising that many subjects found this scenario difficult.  
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The outcome corresponds with the result from a study done by Swan et al. (2019) which found that VA 

reduced to 0.5 in itself did not have an impact on the time it took to detect pedestrians. Their study was also 

performed in a driving simulator with a sudden reduction of VA using a pair of goggles. The subjects had an 

average age of 26.9 years (SD±4.3) which differs from our study where the average age was 68.1 years 

(SD±4.9). The fact that the results correspond regardless of this difference indicates that age does not seem to 

be a relevant factor in daylight driving with reduced VA to approximately 0.5. In the debate that has been 

rising in Sweden, regarding the imposing of mandatory examination of visual functions after a certain age, this 

could be a counter argument (Krav vid förnyelse av körkort, Motion till riksdagen 2018/19:2311; Syntest vid förnyelse 

av körkort, Motion till riksdagen 2016/17.660); Synoptik, 2019).  

On the other hand, Wood et al. (2015) did show that subjects ranging from 69-86 years old had a reduced 

recognition distance even when they were blurred with as little as +0.50D. One possible explanation for the 

different outcome is that their tests were performed at nighttime and contrast sensitivity and glare sensitivity 

is known to decrease with age (Källmark, 2015). It is possible that the outcome in our study would have been 

more in line with Wood et al. (2015) if the subjects would have been able to drive in dark conditions as well, 

especially considering that 38% of the subjects reported that they were not satisfied with their vision driving 

in darkness.  

One could assume that a sudden reduction in VA would impact the driving speed and make the driver more 

prone to reduce speed and take extra precautions. This is however nothing that was confirmed in our study 

since the difference in the number of speed violations between the two groups was considered non 

significant. One possible explanation could be that this was a new situation for all the subjects regardless of 

VA and it is possible that they all took extra precautions due to them being observed by examiners and their 

awareness of the collection of data. 

None of the measured scenarios showed a significant difference in the TTC value between the two groups. In 

practice this means that all of the subjects were equally close to collide with objects. This also corresponds 

well with previously presented data from our study regarding the number of subjects actually colliding and the 

number of speed violations. This result gives cause to question whether today's VA requirements for driving 

licence are relevant and applicable regarding detecting potentially dangerous drivers in traffic. The fact that 

someone fails to meet the visual requirements for driving licence does not equally mean they are a risk in 

traffic, as previously shown by Ursjö et al. (2019). They showed that visual field defects larger than what is 

accepted according to today's requirements does not necessarily correlate with being a dangerous driver after 

some visual training. However, it is necessary for drivers to meet some sort of visual requirements before 

driving in traffic. An alternative is to take an approach similar to Denmark’s, where further testing is done if 

the driver does not meet the criteria, instead of automatically withdrawing their driving licence (Edmund, 

2017b). According to the study by Synoptik (2019) 700,000 individuals in Sweden would risk getting their 

driving licence withdrawn if mandatory controls were to be imposed since they did not meet the requirement 

of VA 0.5. Since previous studies have shown that mandatory visual examinations after a certain age does not 

have a positive effect on the accident rate it is hard to motivate the implementation of such exams in Sweden 

(Siren & Haustein, 2015). A revoked driving licence may potentially lead to depression, isolation, social 

problems and loneliness as a consequence of lack of mobility due to dependency of a vehicle and is therefore 

something that should not be done unnecessarily (Charman, 1997; Marottoli et al., 2000; Fonda et al., 2001; 

Ragland et al., 2005). 
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Method discussion 

Many of the subjects in the experimental group expressed that they found it very wearying to drive with 

reduced VA. They also expressed that they would not feel comfortable driving with VA this low in real traffic, 

especially not for longer distances or at nighttime. Nevertheless, their subjective feeling is of less importance 

in this case, when evaluating their ability for safe driving, since it did not affect their risk of being involved in 

collisions. One could also argue that their subjective feeling of wearying might depend on their unfamiliarity 

with the reduced VA. Reduced VA caused by for example cataract normally does not come this fast (Bowling, 

2016) and therefore the driver gets a chance to adapt to the new circumstance. In addition, driving in a 

simulator is more tiring in itself. Simulation sickness is a well known phenomenon (Ursjö, et al., 2019) and 

many from the control group experienced it as well. Despite the simulation sickness, testing with the help of a 

simulator is one of the easiest methods to test driving performance, as it is seen to be almost as reliable as an 

on-road assessment (Shechtman, Classen, Awadzi, & Mann, 2009). However, it would still be of great interest 

to investigate the same parameters in dark conditions and also letting the subjects drive for a longer distance.  

A source of error might be that the subjects were not compared to themselves. It would have been desirable if 

the same subjects first drove with their normal VA and then with a reduced VA. This was not an option since 

there was only one predetermined route in the simulator, and there was a substantial risk of the subject 

learning where the hazards would appear. As the participants are not compared to themselves, it raises the 

question of whether factors such as driving experience and style of driving affect the outcome of the results. 

In this case, the two groups were to a large extent comparable considering gender, age, number of years 

possessing driving licence and how often they drive. This was also confirmed statistically by the regression 

and correlation test that showed no significant contribution for either one of these variables. To minimise the 

impact of other external factors and to ensure the reliability and validity throughout the collection of data 

standardized instructions were used, the light setting was predetermined and all subjects wore the same optical 

trial frame.  

Another possible source of error might be that, since our main focus was VA, it cannot be guaranteed that 

none of the subjects suffered from an eye condition affecting other visual functions such as for example the 

visual field. On the other hand, all the subjects were legally allowed to drive. If any of the subjects would have 

had a known eye disease, for example glaucoma, their ophthalmologist is obliged to withdraw their driving 

licence in the case of visual field defects greater than what is allowed according to the requirements in the law. 

It would have been desirable to examine the visual field as well but considering that the examination already 

was time consuming this was excluded.  

Conclusion 

The results indicate that before imposing mandatory visual examinations after a certain age, a proper 

evaluation regarding the requirement for VA needs to be done. As the experimental group driving with VA 

0.4 did not show a significant increase in number of speed violation, collisions, TTC or where placed in a 

higher risk group in the UFOV test, the current VA requirements of 0.5 might not be a relevant demand and 

could therefore lead to many driving licences being revoked unnecessarily. However, this study does not take 

driving in different light conditions into consideration which also is an important factor that needs to be 

accounted for. Hence it is of great importance to further examine which other visual functions that might 

affect the ability to safely drive a vehicle, for example contrast sensitivity.  
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     Appendix 1 
 

Institutionen för Klinisk neurovetenskap (CNS) 
Handledare för studien, Marika Wahlberg Ramsay 
marika.wahlberg.ramsay@ki.se 08-672 31 05 
 

 

Frågor att besvara som en del av studien  
 
Hur länge har du haft körkort? 
 
 
Hur ofta kör du bil? 

1 gång i månaden 
1 gång i veckan 

 Några gånger i veckan 
 Varje dag 
 Aldrig  
 
 
Hur upplever du din syn vid bilkörning i dagsljus? 
 Tillfredsställande 
 Icke tillfredsställande 
 
 
Hur upplever du din syn vid bilkörning i mörker? 

Tillfredsställande 
Icke tillfredsställande 
 

 
 
 
 
 
 

 
            
  

mailto:marika.wahlberg.ramsay@ki.se
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Appendix 2 

60 cm           

• 0,1 E C D H F  

 

• 0,2 H K O N E 

•   

• 0,3 F C K G N 

•   

• 0,4 N O E H F 

•   

• 0,5 D A O N G 

•   

• 0,6 F D H A B 

•   

• 0,7 E N O G P 

•   

• 0,8 N D H F C 

•   

• 0,9 G N H O P 

•   

• 1,0 A F D N E 
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1m             Appendix 3 

• 0,1 E C D H F  

 

• 0,2 H K O N E 

•   

• 0,3 F C K G N 

•   

• 0,4 N O E H F 

•   

• 0,5 D A O N G 

•   

• 0,6 F D H A B 

•   

• 0,7 E N O G P 

•   

• 0,8 N D H F C 

•   

• 0,9 G N H O P 

•   

• 1,0 A F D N E 
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           Appendix 4 

  
Institutionen för Klinisk neurovetenskap (CNS) 
Handledare för studien, Marika Wahlberg Ramsay 
marika.wahlberg.ramsay@ki.se  
 
 

 

Information inför deltagande  

Bakgrund och syfte 

Välkommen till detta forskningsprojekt där syftet är att med hjälp av en körsimulator utvärdera 

om körförmågan påverkas av synskärpan. För att kunna ta körkort i Sverige krävs en synskärpa 

på minst 0,5 med båda ögonen. Det är godtagbart att använda glasögon eller kontaktlinser för att 

uppnå kravet. De flesta som tar körkort gör detta innan 25 års ålder och en förnyelse av körkortet 

sker normalt vart tionde år efter utfärdandet. Vid förnyelse krävs ingen kontroll av synfunktionen 

oavsett ålder, något som däremot är vanligt i många andra länder. 

 

Mot ovanstående bakgrund vill vi kartlägga körbeteendet hos personer i olika åldrar i förhållande 

till synskärpa.   

 

Genomförande 
Testet kommer att vara uppdelat i tre delar:  

● Kontroll av synskärpa, kontrastkänslighet och visuell uppmärksamhet 

● Körning av automatväxlad bil i en bilsimulator 

● Kort enkätundersökning om körvanor 

● (Ev. kan en ögonbottenbild komma att tas) 

 

Sammanlagt kommer de tre delarna att ta ca 1h i anspråk.  

 

Övningarna kräver ingen tidigare erfarenhet av simulatorer och det kommer att finnas en 

försöksledare med hela tiden som följer din körning och talar om för dig vad du ska göra.  

 
Sekretess och frivillighet 
Ditt deltagande är helt frivilligt och du kan när som helst utan anledning välja att avbryta. Ditt 

körkort kommer inte på något sätt påverkas oavsett resultat. Resultaten kommer att behandlas i 

enlighet med gällande dataskyddslagstiftning. De som arbetar med studien lyder under sekretess 

och resultaten kommer bara att publiceras i avidentifierad form.  

mailto:marika.wahlberg.ramsay@ki.se
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Studiens resultat 

Om du som försöksperson vill ta del av dina egna testresultat så ges det möjlighet att ta del av 

dessa direkt efter slutfört test. Det slutgiltiga studieresultatet för hela testgruppen kommer 

sammanställas och redovisas under våren 2020. 

 

Ansvariga 

Anna Ane, Ida Fors, Leg. optiker, studenter i klinisk optometri vid Karolinska institutet 

Isabella Bernal Lazón, Nikolina Olson, Emma Zetterberg, Felicia Krautsuk, Julia Byström, Leg. 

optiker, studenter vid Magisterprogrammet i klinisk optometri vid Karolinska institutet 

Wictor Hahn, Christoffer Ekelund, studenter vid optikerprogrammet vid Karolinska Institutet 

 

Marika Wahlberg Ramsay, handledare för studien, Leg optiker, MSc, PhD, lärare vid 

optikerprogrammet och magisterprogrammet på Karolinska institutet. 

Marika.wahlberg.ramsay@ki.se 08-6723105 

 

Samtycke till deltagande i denna studie  

 
● Jag har skriftligen informerats om studien och samtycker till att delta 

● Jag är medveten om att mitt deltagande är helt frivilligt och att jag kan avbryta mitt 

deltagande i studien när som helst och utan att ange något skäl 

● Min underskrift nedan betyder att jag väljer att delta i studien och godkänner att 

Karolinska Institutet behandlar mina personuppgifter i enlighet med gällande 

dataskyddslagstiftning 

● Svaren och resultaten kommer att behandlas så att inte obehöriga kan ta del av dem. Dina 

svar kommer att avidentifieras och din identitet kommer ej att visas i studien 

● Jag har fått tillfälle att få mina frågor angående studien besvarade innan den påbörjas och 

vet vem jag ska vända mig till med frågor 

 

 
Datum & Ort _____________________________________________ 
 
 
Signatur ________________________________________________ 
 
 
Namnförtydligande ________________________________________ 
 

Jag godkänner även att eventuella bilder av mig samt testresultat får visas i olika sammanhang, t 

ex vid konferenser och projektrapport.  

 

JA   NEJ  

mailto:Marika.wahlberg.ramsay@ki.se

