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Abstract
Spatial perceptual rightward bias which was originally described in Dichotic Listening studies seems to be a general phenomenon. This bias is age dependent, being evident in children with developing executive functions, and emerging again at older age as a function of aging and the declining executive functions. In the two studies presented here we compared the performance of young and elderly adults in spatial divided attention tasks with auditory and visual stimuli when the stimulus detection performance was measured in separate sessions in a laboratory setting (Study I), to performance when the same types of stimuli were mixed with a task in which the subject's primary objective was to drive a car in a virtual environment (virtual reality; Study II). The aim was to see if the perceptual bias could be detected and also to look at how it would differ in these two situations. 90 right-handed subjects (50 young and 40 elderly) participated in Study I and 84 subjects (64 young and 20 elderly) participated in Study II. Study I showed the rightward bias to be more evident in the elderly subjects in both modalities and in more demanding tasks. Study II revealed that in the triple task the spatial perceptual bias was evident in both modalities for the elderly participants when the conditions were more demanding. An interesting finding concerning the right-side perceptual bias was the simultaneous occurrence of left-side driving errors, i.e. crossing the lane border to the left especially by the elderly. Both of these biases may reflect the asymmetries of the attention-related neuronal networks.
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Introduction
The application of virtual realities (VR) in experimental setups is a new advancement in psychology and cognitive neuroscience. This approach helps researchers to reach more ecological validity in their experimental studies through narrowing the gap between laboratory settings and real life. The approach also gives researchers the possibility to evaluate the translation of phenomena described in the laboratory into more (even though not completely) realistic environments. In the study presented here, we have compared the similarities and differences of the spatial perceptual bias evident in the elderly, measured in a laboratory setting, to findings of the same bias obtained while the subjects were performing a driving task, i.e., responding to spatial stimuli while driving a car along a country road in a virtual environment.
Our interest in spatial perceptual (rightward) bias and aging originates from the phenomena described in the Dichotic Listening (DL) paradigm. One well documented and consistent finding about aging-induced changes in cognitive capacity is the reduced ability to voluntarily monitor the left-ear stimuli presented in a DL task (Hugdahl et al., 2001; Thomsen et al., 2004; Takio et al., 2009). This reduced ability has been shown to correlate with both structural and functional changes in the left prefrontal middle gyrus in elderly subjects (Thomsen et al., 2004). It is thought that a medial-lateral frontal cognitive control network is involved in the DL task (Westerhausen et al., 2010). The changes documented in this area among the elderly have been interpreted to reflect the failure of executive functions, i.e., cognitive control (Hugdahl et al. 2009; Takio et al., 2014). 
We hypothesized that the hardwired asymmetricity biases us to the right hemispace independent of the modality of the events in the hemispace. We demonstrated that the rightward bias is not limited to the linguistic DL task only, but is evident also in non-linguistic spatial auditory and visual tasks (Takio et al., 2011; Takio et al., 2012). We call this phenomenon Right Side Advantage (RSA) as a general counterpart for Right Ear Advantage (REA) describing the right ear preference in DL literature (see, e.g., Hugdahl et al., 2009, for description of the paradigm). We further propose that the RSA mimics the hemispatial extinction seen in patients after right hemisphere injury, and is more distinct in more cognitively demanding conditions (Takio et al., 2014).
In the present study we compare the performance of young and elderly participants in  a series of auditory and visual spatial divided attention tasks, both in pure laboratory conditions (Study I), and while performing a driving task in a virtual environment, i.e. in a more natural situation (Study II). For that purpose we first opened parts of our previous data (Takio et al., 2011; Takio et al., 2012: Study I) for reanalysis with the aim of comparing them with similar data obtained while the participants are simultaneously driving a car in a virtual 3-D environment. The key issues in this study are the perceptual bias and aging. Here we will show similarities in performance in different contexts, and differences as a function of age, including biases in the driving performance.

Study I. Right-side spatial perceptual bias (RSA) is age-dependent
Method
Participants and procedure
A total of 90 participants were recruited for the study. The elderly group consisted of 40 (22 males) participants (age range: 59-79 years) and the younger group of 50 (20 males) participants (age range: 19-32 years). Participants signed a written consent, and were tested in the laboratories of the Psychology Department at the University of Turku. All participants were right-handed. Participants were asked to complete a questionnaire concerning their vision, hearing, and any neurological or psychiatric disorders. No confounding factors were detected (Takio et al., 2011; Takio et al., 2012). The elderly participants were mostly recruited from retirement homes and recreational facilities. The young group consisted mostly of university students. 
The presentation of the stimuli was programmed with Presentation version 9.30. The task was to press marked keys on the keyboard as quickly as possible to the right, left and bilateral (both sides) stimuli with right, left or both forefingers according to the stimuli presented. In both auditory and visual tasks, the total number of the stimuli presented randomly was 150 (50 to the left, 50 to the right field and 50 bilaterally, and the difficulty level of the task was determined by interstimulus-interval (ISI): 1000 ms and 500 ms for the auditory stimuli and 1500 ms and 750 ms for the visual stimuli. Correct responses, reaction times, and erroneous responses to the bilateral targets (i.e., a response to either left or right side target only) were determined. The auditory stimuli were 550 Hz sinusoidal tones each of 100 ms in duration. Due to possible hearing impairments, the participants could adjust the volume of the right or the left stimuli separately when necessary. The visual stimuli were lightspots of 20 ms in  duration with a height of  2° and a luminance of 63 cd/m². The technical details of the apparatus and the stimuli were given by Takio et al. (2011) and Takio et al. (2012). The auditory and visual tasks were performed separately so that the order of presentation was counterbalanced across all the participants. The difficulty level within the auditory and visual tasks were manipulated between stimulus blocks.



Results
Auditory spatial divided attention task




A three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral, right) x difficulty level (high, low)] conducted on the percentage of correct responses (Table 1) revealed that the young participants gave on average more correct answers than the elderly, F(1, 83) = 52.31, p < .01, . There was also a significant main effect for stimulus condition, F(2, 166) = 110.65, p < .01,   due to the difficulty of the bilateral stimulus condition. The main effect for difficulty level, F(1, 83) = 383.55, p < .01, showed that the participants gave more correct responses (M = 89) at the low than at the high difficulty level (M = 54). 

                                               - Table 1 about here -




[bookmark: _Hlk489356569]The age x difficulty level, F(1, 83) = 12.68, p < .01, stimulus condition x age, F(2, 166) = 27.99, p < .01, , and stimulus condition x difficulty level, F(2, 166) = 20.28 , p < .01,  .20,  interactions were statistically significant. Further analysis of the interactions revealed that there was no difference between the left- and right-side stimulus conditions for the young, whereas they performed better at the low (M = 94) than at the high (M = 66) difficulty level, p < .01. For the elderly, there was no difference between the left and right stimulus conditions, but they did perform better at the low difficulty level (M = 83) than at the high (M = 42) difficulty level, p < .01. Neither at the low nor at the high difficulty level did the pairwise comparisons reveal any  significant difference between the left and right stimulus conditions.





Three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral, right) x difficulty level (high, low)] on reaction times (RT) for correct responses (Table 1) revealed a significant main effect for age, F(1, 82) = 5.36, p = .02, . The young were in general faster in their correct responses when compared to the elderly. RTs were faster to the right (M = 399 ms) than they were to the left (M = 408 ms), F(2, 164) = 57.59, p < .01. The participants generally reacted faster at the low (M = 397 ms) than at the high difficulty level (M = 431 ms), F(1, 82) = 22.27, p < .01,  .21. The ANOVA also revealed interactions between age and difficulty level, F(1, 82) = 5.10, p = .03,, stimulus condition and difficulty level, F(2,164) = 15.97, p < 0.01, , and between age, stimulus condition and difficulty level, F(2, 164)= 10.15, p < .01, . Further analysis of the interactions revealed that at the low difficulty level the young did not show any difference in responses to the left- and right-side stimuli, whereas the elderly reacted faster to the right- than to the left-side stimuli, p < .05. At the high difficulty level, there were no differences between reactions to the left- and the right-side stimuli in either group. 



Fig. 1A shows the number of the left- and right-side responses for situations where a unilateral response (either left or right) was erroneously given in a bilateral trial. Three-way mixed ANOVA [Factors: age (young, elderly) x response side (left, right) x difficulty level (high, low)] on unilateral responses showed that the elderly made more erroneous unilateral responses than the young (1, 83) = 37.04, p < .01, . These unilateral responses were made more often to the right (M = 4.36) than to the left (M = 3.31), F(1, 83) = 4.67, p = .03, . The interaction between age and response side, F(1, 83) = 4.95, p = .03, was due to the elderly participants who responded more frequently to the right- (M = 6.61) than to the left-side (M = 4.47), p < .05.
                                                        - Fig. 1 about here -


Visual spatial divided attention task	

Three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral,






right) x difficulty level (high, low)] on percentage of correct responses (Table 2) revealed that the young generally gave more correct responses than the elderly, F(1, 86) = 103.43, p < .01,  .55 (Fig. 2A). There was a main effect for stimulus condition, F(2, 172) = 83.82, p < .01,  .50, but pairwise comparisons did not reveal any differences between the left and right stimulus conditions per se. The main effect for difficulty level, F(1, 86) = 281.42, P < .01, .77, shows that the participants gave more correct responses at the low (M = 93) than at the high (M = 71) difficulty level. The analysis further revealed interactions between age and stimulus condition, F(2, 172) = 126, p < .01, age and difficulty level, F(1, 86) = 36.19, p < .01, , and stimulus condition and difficulty level, F (2, 172) = 14.51, p < .01, . The analysis of the age x stimulus condition interaction did not reveal any significant difference in correct responses to the left- and right-side stimuli in either group. The interaction between age and difficulty level was due to the findings that the difference between the low (M = 97) and high (M = 83) difficulty levels was significant in the young, p < .01, as well as in the elderly (low M = 88; high M = 59), p < .01, but the difference was larger among the elderly participants. Further analysis of the interaction between the  stimulus condition and difficulty level revealed that, at the low difficulty level, there was no difference between the responses to the left- and right-side stimuli. At the high difficulty level, significantly more right-  (M = 78)  than left-side (M = 76) stimuli were detected, p = .01. 

                                          - Table 2 about here -

Three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral,





right) x difficulty level (high, low)] on RTs in correct responses (Table 2) revealed that the young  generally reacted faster than the elderly, F(1, 86) = 30.59, p < .01, . The main effect for difficulty level, F(1, 86) = 98.75, p < .01,  showed faster responses at the low (M = 372 ms) than at the high (M = 415 ms) difficulty level. In addition, the interactions between age and stimulus condition, F(2, 172) = 6.07, p < .01, age and difficulty level, F(1, 86) = 44.76, p < .01, and age, stimulus condition, and difficulty level, F(2, 172) = 4.69, p = .01, were significant. Further analysis of the three-way interaction showed that, for the young, at the low difficulty level, RTs were shorter to the right- than to the left-side stimuli, p < .01. At the low difficulty level, the elderly also responded faster to the right- than to the left-side stimuli, p = .01. At the high difficulty level, there was no significant difference between left and right RTs in either one of the age groups.







For the number of erroneous unilateral left and right responses in bilateral conditions (Fig. 1B), the ANOVA [Factors: age (young, elderly) x response side (left, right) x difficulty level (high, low)] revealed that the elderly made more unilateral responses than the young participants, F(1, 86) = 42,81, p < .01,. More unilateral responses were made to the right (M = 3.12) than to the left (M = 2.17) side, F(1, 86) = 23.47, p < .01, . The main effect for difficulty level, F(1, 86) = 174, 81, p < .01, showed that unilateral responses were more frequent at the high (M = 4.75) than at the low (M = 0.55) difficulty level. The interaction between age and stimulus condition, F(1, 86) = 5.01, p = .03, indicated that the elderly made more responses to the right side than the young. However, both groups made more erroneous responses to the right; young: left (M = 1.15) vs. right (M = 1.65), p = .03; elderly: left (M = 3.22) vs. right (M = 4.58), p < .01. An interaction between age and difficulty level, F(1, 86) = 35.91, p < .01,  was also found, indicating that particularly the elderly made more unilateral responses as the difficulty level increased. The interaction between difficulty level and response side, F(1, 86) = 4.44, p = .04, showed that unilateral right side responses were more frequent than left side ones particularly at the high difficulty level (left M = 3.96 vs. and right M = 5.07) compared with the low difficulty level (left M = 0.26 vs. right M = 0.77).

To summarize the results from Study I, the young were generally better and faster in detecting the auditory stimuli. Neither of the age groups showed differences between the left- vs. right-side correct detections, whereas the elderly reacted faster to the right- than to the left- side auditory stimuli. In bilateral stimulus conditions, age and higher difficulty level induced more erroneous unilateral responses, and the elderly participants responded more often to the right- than to the left-side. In the visual divided attention task, the young had more correct responses, their responses were faster, and they made less errors in the bilateral stimulus conditions than the elderly. The elderly generally made more errors and had more erroneous responses to the right in the bilateral stimulus conditions.

Study II. Right-side perceptual bias and left-side driving errors
Participants and procedure
All of the participants were right-handed young or elderly adults. The young adult’s group consisted of 64 individuals (17-45 years of age; 44 female), and the elderly group consisted of 20 (47-96 years of age; 10 female) elderly adults. The seniors were mostly recruited from retirement homes and recreational facilities, whereas the young adult’s group consisted mostly of university students. The subjects had to be physically healthy with no neurological or psychiatric problems, and they signed a written consent.
The NeuroCar system was first introduced by Luimula et al. (2015), and the full description of the present system with performance results from different age groups is given by Hämäläinen et al. (2017). The system consists of a Oculus Rift Development Kit 2 virtual reality headset, off-the-shelf- audio headset (SHURE/SRH440), and a Fanatec Porsche 911 GT3 RS V2 wheel attached with Arduino response buttons. The software utilizes the Unity 5 game development platform.
The visual stimuli were white dots of 2.5 cm in diameter and 50 ms in duration and they appeared in the left and right mid-hemifields in a constant location about 95 degrees from the viewer. The auditory stimuli were sine wave bursts of 550 Hz frequency and 50 ms in duration. The intensity was set to 66 dB, and adjusted for each participant individually when necessary. Both auditory and visual stimuli were applied unilaterally to the left, right, and bilaterally in a randomized order, and the participant's task was to react to the stimuli as quickly as possible by correspondingly pressing the buttons on the wheel. Three different difficulty levels, high (ISI 500-1000 ms varying in steps of 13 ms), medium (ISI 700-1200 ms), and low (ISI 1000-2000 ms) were used. The correctness of the response, reaction times of the correct responses and the rate and amount of driving errors were determined.
The tests of the study were partly conducted in the laboratories of the Department of Psychology, at the University of Turku. In the case of some elderly participants, the testing equipment was brought to them and the tests were conducted where the participants resided like for example in a retirement home. 
The driving task was adjusted to mimic driving on a normal two-lane countryside road with hills, curvatures and a simulated speed of 100km/h. The simulation had no other traffic and was considered to be rather easy for a person with driving experience. The subject's main task was to keep the vehicle on their side of the lane while responding correctly to as many stimuli as possible. In this study we report the number and side of the the lane border crossings during the sessions. 
The test sessions were always preceded by pilot runs each 2 minutes in duration. In the first pilot run the participant was to familiarize his or herself with the driving task and the steering wheel. After this a training session consisting only of responding to the visual and auditory stimuli while not moving was presented. Finally, in the third pilot run the driving task was combined with the stimuli. 
After the training, the test sessions were run so that each of the difficulty levels were applied twice in a counterbalanced order and the order of sessions were randomized for each participant. The duration of each test session was adjusted to be 2 minutes in length, which resulted in the average numbers of both auditory and visual stimuli to be (uni- and bilateral together) 24-25 stimuli in the fast (ISI 500-1000 ms), 18-20 stimuli in the medium (ISI 700-1200 ms), and 12-13 stimuli in the slow (ISI 1000-2000 ms).The auditory and the visual stimuli were presented in a random order within the sessions.
Results
Auditory stimuli

Three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral,



right) x difficulty level (high, medium, low)] on percentage of correct responses (Table 3) revealed significant main effect for the age, F(1, 80) = 35.80, p < .01, ; the young generally gave more correct answers than the elderly. The main effect for difficulty level, F(2, 160) = 253.26, p < .01,  indicates that there were significant differences between the three difficulty levels (all comparisons, p < .01). The analysis also showed a significant main effect for stimulus condition, F(2, 160) = 50,56, p < .01,  indicating that the most difficult stimulus condition was the bilateral one. 



The analysis also revealed interactions between stimulus condition and age, F(2, 160) = 4.21, p = .04, , difficulty level and stimulus condition, F(4, 320) = 3.55, p = .01, , and difficulty level and stimulus condition and age, F(4, 320) = 4.77, p < .01, . The three-way interaction was decomposed using pairwise comparisons (left vs. right) for the age groups separately on each difficulty level. In the case of the elderly, there were significant differences in the correct responses between the left- and right-side conditions at the medium difficulty level, p = .04. For the young, there were no differences between the left and right conditions.
                                     
                                                 - Table 3 about here -

Three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral,



right) x difficulty level (high, medium, low)] on RTs in correct responses (Table 3) revealed significant main effects for age, F(1, 72) = 15.10, p < .01,  stimulus condition, F(2, 144) = 84.66. p < .01,  and for difficulty level, F(2, 144) = 79,25,  p < 0.1, . The elderly responded slower than the young, and the longest RTs were measured on the  bilateral auditory stimuli, which was the most difficult stimulus condition.





The three-way mixed ANOVA [Factors: age (young, elderly) x response side (left, right) x difficulty level (high, medium, low)] on the number of unilateral left and right responses in bilateral stimulus conditions (Fig. 2A) revealed that the elderly made more unilateral responses than the young, F(1, 80) = 5.28, p = .02,  There were interactions between age and response side, F(1, 80) = 6.31, p = .01, ,  response side and difficulty level, F(2, 160) = 3.39, p = .04,, and between age, difficulty level and response side, F(2, 160)= 12.92, p < .01, . Further analyses of the three-way interaction showed that the elderly made more responses to the right side than to the left side at the high difficulty level, p = 0.03. At the same difficulty level there were also significantly (p < .05) more responses to the left than the right side from the young group.
  
                                                            - Fig. 2 about here -

Visual stimuli

Three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral,



right) x difficulty level (high, medium, low)] on percentage of correct responses (Table 4) revealed that the young gave more correct responses than the elderly, F(1, 79) = 60.68, p < .01, .43.  The main effect for stimulus condition, F(2, 158) = 7.33, p < .01, .09, shows that the bilateral condition was the most difficult one, while there was no significant difference between the left- and right-side stimulus conditions. The main effect for difficulty level, F(2, 158) = 128.47, p < .01,.62, indicated significant differences between difficulty levels: all pairwise comparisons,  p < .01.

                                             - Table 4 about here -


Three-way mixed ANOVA [Factors: age (young, elderly) x stimulus condition (left, bilateral, right) x difficulty level (high, medium, low)] on RTs in correct responses (Table 4) revealed that the young generally reacted faster than the elderly F(1, 75) = 37.86, p < .01,.36.


The main effect  for stimulus condition, F(2, 150) = 11.85, p < .01, .14, showed that responses to the right side stimuli (M = 506 ms) were faster than those to the left side stimuli (M = 524), p < .01 . Again there was the main effect for difficulty level, F(2, 150)= 17.91, p < .01, .19. Pairwise comparisons revealed significant differences between all difficulty levels, p < .01.

Three-way mixed ANOVA [Factors: age (young, elderly)*response side (left,

right)*difficulty level (high, medium, low)] on the number of erroneous unilateral left- and right- side responses in bilateral stimulus conditions (Fig. 2B) showed a significant main effect for age, F(1,79) = 9.52, p < .01, .11. The old generally made more errors than the young.


The main effect for response side, F(1,79) = 26.24, p < .01, .25 showed that the participants made more unilateral responses to the right (M = 1.60) than to the left (M = 0.82). The main effect for difficulty level, F(2, 158) = 88.63, p < .01, .53, showed that the number of unilateral responses increased as a function of difficulty: all pairwise comparisons showed significant differences between difficulty levels, p < .01.

Driving errors




[bookmark: MTBlankEqn]Fig. 3 shows the number of driving errors, i.e. crossing over the lane borders to the right or to the left by the two age groups at the three task difficulty levels. Three-way mixed ANOVA [Factors: age (young, elderly) x driving error side (left, right) x difficulty level (high, medium, low)] revealed a significant main effect for age, F = (1, 79) = 22.11, p = .01, .22; the elderly made more driving errors than the young. The main effect for the driving error side, F = (1, 79) = 9.63, p = .01, .11, showed more errors to the left (M = 3.01) than to the right (M = 1.97) side. An interaction between age and driving error side, F(1,79) = 6.20, p < .01, .07, suggests that the elderly made more crossings over the left lane border than the young (Fig. 3).

                                              - Fig. 3 about here -

To summarize the results from Study II, the young performed better in auditory stimulus detection, where the task difficulty also yielded significant effects. The elderly missed more left- than right-side stimuli, and in the bilateral condition they made more erroneous unilateral responses to the right than to the left. In the visual task, the young also outperformed the old, and there were general effects of the difficulty level. Regardless of age, responses to the right-side stimuli were faster than those to the left-side stimuli, and the number of the right-side erroneous responses in the bilateral stimulus condition was now significantly larger than that of left-side erroneous responses. Finally, our results demonstrate the significantly larger amount of driving errors to the left than to the right - especially by the elderly.

Discussion
The  studies presented here demonstrate the spatial perceptual bias to the right hemispace by right-handed individuals in both auditory and visual modalities and the age- and behavioral context- dependent features of this phenomenon. The key difference between the experimental setups was the "pure" laboratory context of the sessions in Study I, and the application of VR with the primary task being driving a car while responding to the continuous flow of intermixed auditory and visual stimuli in Sudy II. Thus, Study II was a triple-task. A significant rightward bias in spatial perception was found in the bilateral stimulus condition also in this triple-task, especially in the case of the elderly. Furthermore, in the virtual driving task, the spatial perceptual right-side bias was accompanied with the bias to the left in driving errors, again in the case of the elderly.

In Study I, both age groups' performance was influenced by the difficulty level in the visual and auditory divided attention tasks. The elderly participants demonstrated a significant RSA in the bilateral stimulus condition in both auditory and visual tasks, in which they responded more often than the young participants with only a right-side button press. This RSA  demonstrates an extinction-like bias by the elderly participants in this spatial divided attention task. This stimulus condition closely resembles hemispatial extinction, the common neuropsychological syndrome seen after right hemisphere injuries (e.g. Driver & Vuilleumier, 2001).  We have proposed (Takio et al., 2014) that this spatial bias is based on the asymmetry of the attention networks in the human brain, and thus relies on the same networks, disruption of which produces hemispatial neglect and extinction. We also propose (Takio et al., 2014) that the occurrence of the spatial perceptual bias merely reflects the neurocognitive changes in the executive functions, as a function of aging (e.g.Thomsen et al., 2004; Cabeza, Nyberg & Park, 2005). The RSA phenomenon offers a simple paradigm for studying the bottom-up/top-down interactions and their neurocognitive counterparts (Hugdahl et al., 2009) affecting them. This may also be of importance in everyday life for example in traffic behavior, where an increasing amount of elderly drivers are facing growing cognitive demands due to the increasing amounts of traffic on the roads.

Study II tested whether the perceptual bias is seen also in more realistic and thus ecologically valid conditions - during driving a car in a virtual environment. The results demonstrated differences in the performance of the two age groups in this triple-task situation, and the preference of the right side stimuli under heavier cognitive load.  The RTs in general were considerably longer in the triple- than single- tasks. An unexpected finding was the simultaneous occurrence of the leftward bias, that is, crossing the lane border to the left, in driving errors by the elderly.
We must emphasize that in the laboratory experiments the auditory and visual perceptual capacity were determined separately, and the stimuli and timing were not identical between the studies. The VR condition was a triple-task, because there we applied the visual and auditory stimuli at the same time while the subject's key task was driving.  Study II showed that while measured during the driving task, the biases in both auditory and visual modalities are evident and depend on age and cognitive load.
An unexpected finding in Study II was the type of driving errors, i.e., the large amount of lane border crossings to the left. This leftward bias in driving errors may be related to the spatial perceptual bias to the right by our subjects. Curiously, it has been reported previously that patients with hemispatial neglect, who demonstrate the pathological bias of spatial perception and attention to the right hemispace, have a bias for left-side collisions (Punt et al, 2008; Turton et al., 2009) when navigating a wheelchair, but to the right by the same subjects in the study by Turton et al. (2009) when walking. Furthermore, the literature available on navigation errors and related phenomena in healthy population (determined as direction of attention/gaze, ambulatory and wheelchair tasks, simulators, right- or left-side traffic), discussed recently by Robertson et al (2015), is puzzling and highly equivocal with both right- and left-side biases related to both neglect, pseudoneclect, bisection-bias, extinction etc. Recent study by Benwell et al. (2014) demonstrates the "shift of visuospatial attention vector" to the right as a function of aging in a landmark task, which indeed may come close to our findings. Our findings in Study II indicate that there may be a connection between the rightward bias in spatial perception and attention, and the leftward bias in steering a vehicle in the normal and normally aging right-handed population. In any case, the true nature and reliability of this driving error phenomenon must be further studied in different driving conditions (number of lanes, oncoming traffic), and possibly also with participants used to left-side traffic. The question of attention and driving has been studied widely extending from vigilance to attractions and distractions while driving (see, e.g., Lee et al., 2007; Lee, 2008) and exact eye-movement measurements (e.g., Underwood et al., 2003) as indicators of attention. All knowledge that we have about attention in traffic is currently utilized in the extreme case of designing self-driving vehicles (see Rosenberg, C., https://www.ui.expert/category/blog)Self-Driving Cars: Driver Attention, 31.7.2017).
To summarize, our findings demonstrate the similar types of perceptual-motor phenomena in different conditions of testing. The results pinpoint the possibilities that the new virtual environments can offer for experimental studies, and in this way testing the laboratory phenomena in more naturalistic and complicated but completely controlled conditions. The perceptual bias seen in DL paradigm (Hugdahl et al., 2009; Takio et al., 2009) has led to studies (Takio et al., 2011, Takio et al., 2012) revealing this bias to be more general and to reflect the interplay between perceptual, attentional and executive functions (Hugdahl et al., 2009; Takio et al., 2014). Here we have shown how these phenomena may be related to driving skills and traffic behavior. This is of great practical importance, because the number of elderly drivers is growing with accelerating speed simultaneously with the enormous increase in  road traffic and the number of vehicles. This produces increasing demands for the driving skills and overall cognitive skills of the aging drivers, and demands for means for evaluating and even training of the skills in safe - virtual - environments.
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Figure legends:
[bookmark: _Hlk483945640]Fig. 1. Number of erroneous responses in bilateral stimulus condition to auditory (A) and visual (B) stimuli at the two difficulty levels (low, high) by the young and the elderly participants. The error bars denote the SEMs. Notice the different scale in B: Low, because of the small number of erroneous responses by the young participants to visual stimuli at this difficulty level.
Fig. 2. Number of erroneous responses in bilateral stimulus condition to auditory (A) and visual (B) stimuli at the three difficulty levels (low, medium, high) by the young and the elderly participants. The error bars denote the SEMs.
Fig. 3. Driving errors (crossing the lane border) to the right and left at the three difficulty levels (low, medium, high) of the spatial perceptual task by the young and the elderly participants.
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