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A B S T R A C T

Traf ​fic ac​ci​dents are a sig​nif ​i​cant health is ​sue in Iran, and mostly due to dri​vers’ fail​ures
and health is ​sues. In this view, the as ​so​ci​a​tion be​tween age, symp​toms of at​ten ​tion-deficit/ ​
hy​per ​ac​tiv ​ity (ADHD), ob​jec​tive vi​sual per ​cep ​tion and at​ten ​tion (spa​tial cue​ing and vi​sual
search) and dri​vers’ dri​ving vi​o​la​tions and ac​ci​dents have not been in ​ves ​ti​gated in Iran so
far. To counter this, 183 par ​tic​i​pants (mean age: 31.65​years; 147 males, 36 fe​males) were
as ​sessed. They com​pleted self-rat​ing ques ​tion ​naires cov ​er ​ing so​ciode​mo ​graphic in ​for ​ma​-
tion, dri​ving vi​o​la​tions, traf ​fic ac​ci​dents, and symp​toms of ADHD. Fur​ther, par ​tic​i​pants’ vi​-
sual search and spa​tial cue​ing were ob​jec​tively tested. Re​sults showed higher symp ​toms of
ADHD were as ​so​ci​ated with higher traf ​fic vi​o​la​tions and ac​ci​dents, but also with a faster vi​-
sual search and spa​tial cue​ing. Fur​ther, higher ag ​ing was as ​so​ci​ated with lower vi​sual search
and spa​tial cue​ing speed. Both higher ADHD scores and lower age pre​dicted faster vi​sual
search and spa​tial cue​ing per ​for ​mance. The pat​tern of re​sults sug​gests that among adults,
symp​toms of ADHD ap ​peared to be both neg ​a​tively as ​so​ci​ated with higher traf ​fic vi​o​la​-
tions, but also with faster vi​sual search and spa​tial cue​ing per ​for ​mance. By con ​trast, the op​-
po​site was true as re​gards age. To in ​crease traf ​fic safety, both dri​vers with older age and
with symp​toms of ADHD ap ​pear to de​mand spe​cial at​ten ​tion.

© 2019.

1. Introduction

In Iran, the traf ​fic-re​lated preva​lence of mor ​tal​ity is high (Abdoli, Farnia, Delavar, Dortaj, et al., 2015; Moradi & Khademi,
2009): Even if Bahadorimonfared et al. (2013) re​ported a peak ​ing of traf ​fic-re​lated mor ​tal​ity rates from 51 to 65 cases per 1000
ac​ci​dents un​til 2013, and a de​creas ​ing trend in traf ​fic-re​lated deaths by 2016 (Hamzeh et al., 2016), traf ​fic ac​ci​dents re​main the
sec​ond largest cause of mor ​tal​ity in Iran (Montazeri, 2004; Zangooei Dovom, Shafahi, & Zangooei Dovom, 2013), and traf ​fic
ac​ci​dents are the main cause of in ​juries re​quir ​ing sur​gi​cal in ​ter ​ven ​tion (Mohajerani & Asghari, 2011; Motamedi et al., 2014;
Zargar, Khaji, Karbakhsh, & Zarei, 2004).

There is a broad con ​sen​sus that not tech ​ni​cal mal​func​tions, but poor dri​ving be​hav ​ior is the main cause of traf ​fic ac​ci​dents
(Abdoli et al., 2018). Here, based on the Man​ches ​ter Dri​ving Be​hav ​ior Ques ​tion ​naire (Reason, Manstead, Stradling, Baxter, &
Campbell, 1990) and web​site of the Of​fice of Ap​plied Re​search of Traf ​fic Po​lice in the Law En ​force​ment Force of the Is ​lamic​

https://doi.org/10.​1016/​j. ​trf. ​2019.​09.​010
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Re​pub​lic of Iran (see be​low), poor dri​ving be​hav ​ior is un​der ​stood as ag ​gres ​sive vi​o​la​tions (e.g., be​come an ​gered by an ​other dri​-
ver), or ​di​nary vi​o​la​tions (e.g., dis ​re​gard ​ing the speed limit on a res ​i​den ​tial road/​mo ​tor way, run ​ning the red line or stop sign;
unau ​tho ​rized over ​tak ​ing; not keep ​ing be​tween the lanes or chang ​ing lanes with​out com​ply ​ing with the rel​e​vant reg ​u​la​tions), er ​-
rors (e.g., un​der ​es ​ti​mat​ing the speed of other dri​vers; dri​ving too slow on high ​ways or too cau ​tious when there is no dan ​ger and
no traf ​fic), or lapses (e.g., for ​get​ting where you have left the car in the car park). Specif ​i​cally, four pos ​si​ble fac​tors in poor dri​-
ving be​hav ​ior are dis ​cussed: psy​cho ​log ​i​cal trait vari​ables, psy​cho ​log ​i​cal state vari​ables, men ​tal health sta​tus and sleep, and lack
of at​ten ​tion.

Psy ​cho ​log ​i​cal trait vari​ables to ex ​plain poor dri​ving be​hav​ior
As ex ​ten ​sively sum​ma​rized in Abdoli et al. (2018) psy​cho ​log ​i​cal trait vari​ables such as higher ex ​cite​ment-seek​ing be​hav ​ior

(Lucidi, Mallia, Lazuras, & Violani, 2014; Mallia, Lazuras, Violani, & Lucidi, 2015), trait anx ​i​ety (Pourabdian & Azmoon,
2013), neg ​a​tive af ​fec​tiv ​ity (Beanland, Sellbom, & Johnson, 2014), or trait ag ​gres ​sion (Stephens & Sullman, 2015) and trait
anger (Zhang & Chan, 2016) were as ​so​ci​ated with poor dri​ving per ​for ​mance.

Psy ​cho ​log ​i​cal state vari​ables to ex ​plain poor dri​ving be​hav​ior
Fur​ther, psy​cho ​log ​i​cal state vari​ables such as symp​toms of de​pres ​sion (Hilton, Staddon, Sheridan, & Whiteford, 2009; Scott-

Parker, Watson, King, & Hyde, 2013), ag ​gres ​sive be​hav ​ior (Beanland et al., 2014), and anger (Zhang & Chan, 2016) were iden ​-
ti​fied as fac​tors neg ​a​tively in ​flu ​enc​ing dri​ving be​hav ​ior.

Men​tal health sta​tus and sleep to to ex ​plain poor dri​ving be​hav​ior
Next, health-re​lated is ​sues such as poor sleep and sub​stance use dis ​or ​ders (Abdoli et al., 2018), poor men ​tal health (Abdoli et

al., 2018; Abdoli, Farnia, Delavar, Dortaj, et al., 2015; Abdoli, Farnia, Delavar, Esmaeili, et al., 2015) such as in ​creased stress,
symp​toms of state anx ​i​ety and de​pres ​sion, so​cial dys ​func​tion, so​matic com​plaints, but above all poor sleep were as ​so​ci​ated with
poor dri​ving.

As re​gards psy​chi​atric dis ​or ​ders af ​fect​ing dri​ving be​hav ​ior, at​ten ​tion-deficit/ ​hy​per ​ac​tiv ​ity dis ​or​der (ADHD) de​serves spe​cial
at​ten ​tion, as symp​toms of ADHD are as ​so​ci​ated with more prob ​lem​atic de​ci​sion mak ​ing (Dekkers, Popma, Agelink van
Rentergem, Bexkens, & Huizenga, 2016) and lower im​pulse con ​trol (American Psychiatric Association, 2013). ADHD is the
most com​mon neu ​ro​bi​o​log ​i​cal dis ​or ​der in pe​di​atric psy​chi​a​try: Preva​lence rates of ADHD are about 5.6%, and these preva​lence
rates did not change within the last three decades and were equally ob​served world ​wide (Polanczyk, de Lima, Horta, Biederman,
& Rohde, 2007; Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015; Polanczyk, Willcutt, Salum, Kieling, & Rohde, 2014). Fur​-
ther, with a preva​lence rate of about 4% adult ADHD (Caci, Morin, & Tran, 2014; Caye et al., 2016; Doyle, 2004; Franke et al.,
2018; Instanes, Klungsoyr, Halmoy, Fasmer, & Haavik, 2018; Moss, Nair, Vallarino, & Wang, 2007), it is ev ​i​dent that ADHD
per ​sists in adult​hood (Agnew-Blais et al., 2016; Moffitt et al., 2015). The as ​so​ci​a​tions be​tween symp​toms of ADHD and dri​ving
be​hav ​ior and traf ​fic ac​ci​dents have not been as much in the fo ​cus, as for in ​stance per ​son​al​ity traits or state-re​lated health is ​sues.
The lack of a uni​form pat​tern of re​sults on the as ​so​ci​a​tion be​tween symp​toms of ADHD and dri​ving might be also due to
method ​olog ​i​cal is ​sues and to the fact, that not all in ​di​vid ​u​als with ADHD show an in ​creased risky dri​ving be​hav ​ior. How ​ever,
over ​all re​sults sug​gest a higher risk of dri​ving ac​ci​dents in adults with ADHD, com​pared to adults with​out ADHD (El Farouki et
al., 2014; Philip et al., 2015). Fur​ther, re​search on this as ​so​ci​a​tion is par ​tic​u​larly scarce in Iran. Ac​cord ​ingly, the first aim of the
pre​sent study was to in ​ves ​ti​gate the as ​so​ci​a​tions be​tween self-re​ported symp​toms of ADHD, dri​ving be​hav ​ior and at​ten ​tion and
vi​sual per ​cep ​tion per ​for ​mance among a sam​ple of Iran ​ian adult dri​vers.

Lack of at​ten ​tion to ex ​plain poor dri​ving be​hav​ior
So​matic and psy​cho ​log ​i​cal health is ​sues have in com​mon that such states neg ​a​tively im​pact on ba​sic psy​cho ​log ​i​cal processes

such as at​ten ​tion and vi​sual per ​cep ​tion. In ​deed, the lack of at​ten ​tion has been rec​og​nized as one of the main causes of ve​hi​cle
crashes. Var​i​ous as ​pects of dri​ving at​ten ​tion have been stud​ied in pre​vi​ous re​search, in ​clud ​ing at​ten ​tion net​works (Weaver,
Bedard, McAuliffe, & Parkkari, 2009), at​ten ​tion and search con ​spicu ​ity and vi​sual con ​text (Gershon, Ben-Asher, & Shinar,
2012), vi​sual at​ten ​tion (Zhang, Chan, Ba, & Zhang, 2016), the ef ​fect of age and work​load on 3D spa​tial at​ten ​tion in dual-task
dri​ving (Pierce & Andersen, 2014), and the per ​cep ​tual load and dri​ving du​ra​tion on mind wan​der ​ing while dri​ving (Choi, Geden,
& Feng, 2017).

In this re​gard, vi​sual at​ten ​tion has re​ceived par ​tic​u​lar at​ten ​tion. Vi​sual at​ten ​tion has dif ​fer ​ent as ​pects in ​clud ​ing vi​sual search
and spa​tial cue​ing (Sternberg, 2017). Ac​tu ​ally, vi​sual search is a type of per ​cep ​tual at​ten ​tion-de​mand ​ing task that typ ​i​cally in ​-
volves an ac​tive scan of the vi​sual en ​vi​ron ​ment for a par ​tic​u​lar ob​ject or fea​ture - the tar ​get - among other ob​jects or fea​tures -
the dis ​trac​tors (Eckstein et al., 2013; Sternberg, 2017). Fur​ther, spa​tial cues pre​dict​ing the prob ​a​ble lo ​ca​tion of a tar ​get are com​-
monly used as an op​er ​a​tional ma​nip ​u​la​tion of covert vi​sual at​ten ​tion (Eckstein et al., 2013).

As re​gards at​ten ​tion and per ​cep ​tion and dri​ving be​hav ​ior, in the mean ​while, there is mount​ing ev ​i​dence that dri​ving dis ​trac​-
tors may dis ​rupt dri​ving per ​for ​mance (Hosking, Young, & Regan, 2009; Salmon, Young, & Regan, 2011), and that such dis ​trac​-
tors are con ​sid​ered a con ​tribut​ing fac​tor of road ac​ci​dents (Atchley, Tran, & Salehinejad, 2017; Atwood, Guo, Fitch, & Dingus,
2018; Harbluk, Noy, Trbovich, & Eizenman, 2007; Ranney, Harbluk, & Noy, 2005). To il​lus ​trate, Dingus et al. (2016) showed
that dis ​trac​tors caused 905 crash events over the course of three years among 3500 dri​vers. Like​wise, at​ten ​tion er ​rors have been
found to be the most com​mon fac​tor in left-turn ac​ci​dents (Larsen & Kines, 2002). By con ​trast, to cope with dis ​tract​ing sit​u​a​-
tions, the risk of ac​ci​dent ap ​peared to de​cline with in ​creas ​ing per ​cep ​tion skills and with the abil​ity to iden ​tify and se​lect in ​tended
stim​uli in a shorter re​ac​tion time, at least among novice dri​vers (Sagberg & Bjornskau, 2006). Like​wise, in ​creas ​ing the alert​ness
and ex ​pectancy of dri​vers to the pres ​ence of sub​jects can in ​crease their search con ​spicu ​ity (Gershon et al., 2012). And not sur
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pris ​ing, when at​ten ​tional load for the field of vi​sion was low, dri​vers braked faster and had sig​nif ​i​cantly less de​vi​a​tion in their
steer​ing di​rec​tion (Ericson, Parr, Beck, & Wolshon, 2017). As re​gards data from dri​ving sim​u​la​tion stud​ies on dri​ving be​hav ​ior
in adults with symp​toms of ADHD, Fuermaier et al. (2017) sum​ma​rized in their re​view that com​pared to dri​vers with no symp​-
toms of ADHD, dri​vers with symp​toms of ADHD showed slower and more vari​able re​ac​tion times, more dri​ving er ​rors, more
col​li​sions and crashes, more speed ​ing, and for in ​stance a poorer steer​ing con ​trol. How ​ever, such data were only scarcely gath ​-
ered in Iran.

Fur​ther, as men ​tioned above, re​cent stud​ies have shown that vi​sual at​ten ​tion per ​cep ​tions may be in ​flu ​enced by symp​toms of
ADHD, and as re​gards dri​ving per ​for ​mance, higher symp​toms of ADHD were as ​so​ci​ated with higher traf ​fic ac​ci​dents and risky
dri​ving (Aduen, Kofler, Cox, Sarver, & Lunsford, 2015; Ankem, Klauer, Ollendick, Dingus, & Guo, 2018; Barkley & Cox,
2007; Thorslund & Lidestam, 2017). Sobanski et al. (2008) re​ported that adults with symp​toms of ADHD showed a lower per ​-
for ​mance dur ​ing a test bat​tery of dri​ving-re​lated cog ​ni​tive mea​sures, and that sig​nif ​i​cant im​prove​ments were ob​served, when
par ​tic​i​pants were treated with methylphenidate. In this con ​text, and con ​sid​er ​ing both the ef ​fi​cacy and safety of methylphenidate,
Cortese et al. (2018) showed in their sys ​tem​atic re​view and net​work meta-analy ​sis the use of methylphenidate in chil​dren, ado ​-
les ​cents and adults as pre​ferred first-choice med ​ica​tions for the short-term treat​ment of ADHD. Like​wise, Barkley and Cox
(2007) men ​tioned in their re​view the in ​creased risk of ad ​verse out​comes among un​treated in ​di​vid ​u​als with ADHD and the role
of med ​ica​tion in po​ten ​tially im​prov ​ing dri​ving per ​for ​mance. Ac​cord ​ingly, Barkley and Cox (2007) rec​om​mended the use of
stim​u​lant med ​ica​tions to treat peo ​ple with ADHD who drive, as the in ​take of stim​u​lants may re​duce such safety risks. Next,
higher symp​toms of ADHD were as ​so​ci​ated with slower re​ac​tion times and poorer be​hav ​ioral per ​for ​mances in vi​sual-spa​tial at​-
ten ​tion (Ortega, Lopez, Carrasco, Anllo-Vento, & Aboitiz, 2013) and lower scores of vi​sual at​ten ​tion (Turkan, Amado, Ercan, &
Percinel, 2016). How ​ever, other stud​ies could not show sig​nif ​i​cant dif ​fer ​ences in vi​sual at​ten ​tion and spa​tial per ​for ​mance be​-
tween adults with and with​out symp​toms of ADHD (Laasonen et al., 2012). Ac​cord ​ingly, it re​mains un​clear, if and if so, to what
ex ​tent symp​toms of ADHD might be as ​so​ci​ated with vi​sual at​ten ​tion and vi​sual per ​for ​mance. In this re​gard, while Fuermaier et
al. (2017) sum​ma​rized in their re​view that symp​toms of ADHD and poor dri​ving were as ​so​ci​ated, Vaa (2014) showed in his
meta-analy ​sis that com​pared to healthy in ​di​vid ​u​als, in ​di​vid ​u​als with di​ag ​nosed ADHD had just a 1.36-fold risk for traf ​fic ac​ci​-
dents, and that the long-last ​ing as ​ser​tion of Barkley, Guevremont, Anastopoulos, DuPaul, and Shelton (1993) that ADHD-dri​-
vers have an al​most four ​fold risk of ac​ci​dent was largely due to blurred di​ag ​noses.

To con ​clude, there is ex ​tant lit​er ​a​ture show ​ing that health-re​lated is ​sues were neg ​a​tively as ​so​ci​ated with poor dri​ving per ​for ​-
mance. In ​ter ​est ​ingly, Abdoli et al. (2018) were un​able to find as ​so​ci​a​tions be​tween health-re​lated is ​sues such as poor sleep and
symp​toms of de​pres ​sion and ob​jec​tively as ​sessed re​ac​tion times to vi​sual and acoustic stim​uli. Ac​cord ​ingly, fur ​ther re​search is
jus ​ti​fied, and this holds par ​tic​u​larly true for Iran. In a re​lated vein, the as ​so​ci​a​tions be​tween symp​toms of ADHD and dri​ving be​-
hav ​ior ap ​pear to be mixed, and the mod ​er ​at​ing ef ​fect of symp​toms of ADHD on the re​la​tion ​ship be​tween at​ten ​tion and vi​sual
per ​for ​mance and dri​ving be​hav ​ior re​mained un​clear.

Last, there is ex ​tant ev ​i​dence that with in ​creas ​ing age, vi​sual pro ​cess ​ing speed de​creases (Madden et al., 2002; Madden,
2007; Sternberg, 2017; Vance, Fazeli, Ball, Slater, & Ross, 2014). Ac​cord ​ingly, we as ​sumed that higher age would be as ​so​ci​ated
with lower at​ten ​tion and vi​sual per ​for ​mance.

The fol​low ​ing four hy​pothe​ses and one re​search ques ​tion were for ​mu ​lated. Fol​low ​ing oth ​ers (Gershon et al., 2012; Pierce &
Andersen, 2014; Weaver et al., 2009; Zhang & Chan, 2016), we ex ​pected that poor dri​ving be​hav ​ior such as re​ported traf ​fic vi​o​-
la​tions and ac​ci​dents were as ​so​ci​ated with lower ob​jec​tive vi​sual and spa​tial cue​ing per ​for ​mance. Sec​ond, fol​low ​ing Vaa (2014)
and Fuermaier et al. (2017), we ex ​pected a neg ​a​tive as ​so​ci​a​tion be​tween higher symp​toms of ADHD and lower ob​jec​tive vi​sual
search and spa​tial cue​ing per ​for ​mance. Like​wise, third and fol​low ​ing oth ​ers (El Farouki et al., 2014; Philip et al., 2015), we ex ​-
pected an as ​so​ci​a​tion be​tween higher symp​toms of ADHD and poor dri​ving be​hav ​ior such as re​ported traf ​fic vi​o​la​tions and ac​ci​-
dents. Fourth, fol​low ​ing oth ​ers (Madden et al., 2002; Madden, 2007; Sternberg, 2017; Vance et al., 2014), we as ​sumed that
higher age would be as ​so​ci​ated with lower vi​sual search and spa​tial cue​ing pro ​cess ​ing re​ac​tion time. We took as ex ​ploratory the
re​search ques ​tion, which of the di​men ​sions of age, symp​toms of ADHD, traf ​fic ac​ci​dents and traf ​fic vi​o​la​tions could best pre​-
dict re​ac​tion time of vi​sual search and spa​tial cue​ing.

We hold that the pre​sent data al​low a deeper un​der ​stand ​ing of the as ​so​ci​a​tion be​tween symp​toms of ADHD, dri​ving be​hav ​ior
and ob​jec​tive per ​for ​mances of vi​sual and spa​tial cue​ing and at​ten ​tion. Re​sults are rel​e​vant to im​prove coun ​sel​ing and treat​ment
of those traf ​fic of ​fend ​ers with par ​tic​u​larly high symp​toms of ADHD in Iran. Re​sults are also rel​e​vant, as traf ​fic ac​ci​dents re​main
the sec​ond largest cause of mor ​tal​ity and the main cause of in ​juries re​quir ​ing sur​gi​cal in ​ter ​ven ​tion in Iran.

2. Material and methods

2.1. Procedure

Adults with a dri​ving li​cense were asked to par ​tic​i​pate at the pre​sent cross-sec​tional study on dri​ving be​hav ​ior, symp​toms of
ADHD, and at​ten ​tion (spa​tial cue​ing; see be​low) and per ​cep ​tion (vi​sual search; see be​low). El​i​gi​ble par ​tic​i​pants were fully in ​-
formed about the study aims and the con ​fi​den ​tial, anony ​mous, and non-com​mer ​cial data han ​dling, and the sci​en ​tific use of the
par ​tic​i​pants’ in ​for ​ma​tion. There​after, they signed the writ​ten in ​formed con ​sent. Par​tic​i​pants com​pleted a book​let of ques ​tion ​-
naires cov ​er ​ing so​ciode​mo ​graphic data, dri​ving be​hav ​ior (see be​low) and symp​toms of ADHD (see be​low). Next, they un​der
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went an ob​jec​tive mea​sure​ment of at​ten ​tion and per ​cep ​tion at the Mo​tor Be​hav ​ior Lab of the Uni​ver ​sity of Tabriz (Tabriz, Iran).
The pro ​ce​dure sec​tion lasted about 150​min, in ​clud ​ing the ex ​pla​na​tion of the study, sign​ing the writ​ten in ​formed con ​sent, com​-
plet​ing the ques ​tion ​naires, and un​der ​go​ing per ​cep ​tual test ​ing. The per ​cep ​tual test ​ing lasted for about 40​min (about 30​min for the
Spa​tial Cue​ing task, in ​clud ​ing in ​struc​tions; and about 10​min for the Vi​sual Search task, in ​clud ​ing in ​struc​tions). The eth ​i​cal com​-
mit​tee of the Tabriz Uni​ver ​sity of Med​ical Sci​ences (Tabriz, Iran) ap ​proved the study, which was per ​formed in ac​cor ​dance with
the rules laid down in the De​c​la​ra​tion of Helsinki and its later amend ​ments.

2.2. Participants

Col​lec​tively, 183 adults (mean age: M ​=​31.65, SD ​=​9.76; 147 males, 36 fe​males) took part in the study. In ​clud ​ing cri​te​ria were
as fol​lows: 1. Dri​ving li​cense re​leased from the Iran ​ian gov​ern ​ment; 2. Age be​tween 18 and 65​years; 3. Will​ing and able to com​-
ply with the study con ​di​tions; above all, will​ing and able to read and an ​swer ques ​tion ​naires in Farsi/​Per​sian; 4. Nor​mal eye
sight, or eye sight cor ​rec​tions with glasses or lenses to achieve nor ​mal vi​sual acu ​ity. 5. Be​ing right-handed; 6. Signed writ​ten in ​-
formed con ​sent. Ex ​clu ​sion cri​te​ria were: 1. Cur​rent so​matic and psy​chi​atric is ​sues, such to un​fa​vor ​ably im​pact on at​ten ​tion, per ​-
cep ​tion, con ​cen ​tra​tion and sus ​tained alert​ness dur ​ing the as ​sess​ment last ​ing for about 2​h. 2. Cur ​rent in ​take of mood-, sleep-, and
alert​ness-al​ter ​ing sub​stances such as al​co ​hol, cannabis, opi​oids, along with seda​tive med ​ica​tions. 3. Drop​ping from the study.

2.3. Tools

2.3.1. Sociodemographic information
Par​tic​i​pants com​pleted a ques ​tion ​naire on so​ciode​mo ​graphic in ​for ​ma​tion (age, gen ​der).

2.3.2. Driving- ​related information
Par​tic​i​pants re​ported on the pre​ferred ve​hi​cle (car; mo ​tor ​cy ​cle), the num​ber of ac​ci​dents, and the num​ber of traf ​fic vi​o​la​tions.
To as ​sess and rate dri​ving vi​o​la​tions, the list of 21 pos ​si​ble items was taken from web​site of the Of​fice of Ap​plied Re​search

of Traf ​fic Po​lice in the Law En ​force​ment Force of the Is ​lamic Re​pub​lic of Iran. Typ ​i​cal items were: ex ​ceed ​ing the speed limit,
unau ​tho ​rized over ​tak ​ing, back ​ing up in rear gear on free​ways and high ​ways, us ​ing a cell phone while dri​ving, fail​ure to com​ply
with lon ​gi​tu ​di​nal or trans ​verse dis ​tance from the front or side ve​hi​cle, over ​tak ​ing from the right of the other ve​hi​cle, not keep ​ing
be​tween the lanes or chang ​ing lanes with​out com​ply ​ing with the rel​e​vant reg ​u​la​tions, etc. An​swers are given on four-points Lik ​-
ert scales rang ​ing from 1 (=not at all) to 4 (=al​ways), with higher sum scores re​flect​ing a higher amount of traf ​fic vi​o​la​tions.
Pos ​si​ble sum scores ranged from 21 (no vi​o​la​tions at all) to 84 (sev ​eral and re​peated vi​o​la​tions).

2.3.3. Dimensions of attention- ​deficit/ ​hyperactivity disorder (ADHD)
The Adult ADHD Self-Re​port Scale-V1.1 (Green et al., 2018; Jahangard, Haghighi, Bajoghli, Holsboer-Trachsler, & Brand,

2013; Kessler et al., 2005; Ustun et al., 2017) was used to self-as ​sess di​men ​sions of at​ten ​tion-deficit/ ​hy​per ​ac​tiv ​ity dis ​or ​der spec​-
trum. Typ ​i​cal items are: “How of ​ten do you leave your seat in meet​ings or other sit​u​a​tions in which you are ex ​pected to re​main
seated?”, or, “When you’re in a con ​ver ​sa​tion, how of ​ten do you find your​self fin ​ish ​ing the sen​tences of the peo ​ple you are talk ​-
ing to be​fore they can fin ​ish them them​selves?”; An​swers are given on rat​ing scales with dif ​fer ​ent in ​ter ​vals; the sum score
ranges from 0 to 24 points, with higher points re​flect​ing higher self-rated symp​toms at​ten ​tion-deficit/ ​hy​per ​ac​tiv ​ity dis ​or ​der.

2.4. Attention and perception

To ob​jec​tively as ​sess at​ten ​tion (spa​tial cue​ing) and per ​cep ​tion (vi​sual search), two tests of the CogLab® soft​ware (Francis,
Neath, MacKewn, & Goldthwaite, 2004) were em​ployed. All par ​tic​i​pants per ​formed the cog ​ni​tive as ​sess​ment in ​di​vid ​u​ally in a
lab of ​fice of the Mo​tor Be​hav ​ior Lab of the Uni​ver ​sity of Tabriz. The lab had an av ​er ​age tem​per ​a​ture of 21° and suf​fi​cient ar ​ti​fi​-
cial light. Par​tic​i​pants were com​fort​ably seated in front of a 17​in. mon ​i​tor (1024 ​×​768 res ​o​lu ​tion; In ​tel® Iris Plus Graph ​ics 640
1536​MB), con ​trolled by an Ap​ple Mac® com​puter with a 2.3​GHz In ​tel® Core i5. The screen was placed on a desk of con ​ven ​-
tional size and height. Par​tic​i​pants were asked to sit up​right, such to keep a dis ​tance of 60​cm from the screen. To an ​swer to the
tasks, par ​tic​i​pants had to push but​tons of the key ​board.

2.4.1. Attention: spatial cueing
In this ex ​per ​i​ment, par ​tic​i​pants’ gaze was fo ​cused on the screen. Next, they were first cued with the likely spa​tial lo ​ca​tion of

a tar ​get, and par ​tic​i​pants had to re​spond as rapidly as pos ​si​ble when the tar ​get ap ​peared at any lo ​ca​tion on the dis ​play. To il​lus ​-
trate, in a typ ​i​cal dis ​play, the stim​uli are arranged hor ​i​zon ​tally with a fix ​a​tion point in the cen ​ter, which is also the lo ​ca​tion
where the cue ap ​pears. The cue is ei​ther valid, cor ​rectly iden ​ti​fy ​ing the spa​tial lo ​ca​tion of the tar ​get, or in ​valid, in ​cor ​rectly iden ​-
ti​fy ​ing the lo ​ca​tion of the tar ​get. Fol​low ​ing the pre​sen​ta​tion of the cue, a sin​gle tar ​get stim​u​lus is il​lu ​mi​nated (usu​ally about
1000 msec af ​ter the on​set of the cue). Once the par ​tic​i​pant had de​tected the tar ​get, she/​he had to re​spond as quickly as pos ​si​ble,
re​gard ​less of the lo ​ca​tion of the tar ​get (Fig. 1). The out​come vari​able is the re​ac​tion time in msec for three con ​di​tions: valid (cue
and lo ​ca​tion of the tar ​get do match), in ​valid (cue and lo ​ca​tion of the tar ​get do not match), neu ​tral (no cue is pre​sented). The ex
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Fig. 1. Dif​fer ​ent as ​pects of spa​tial cue​ing on the Cog-lab soft​ware. a: nat​ural spa​tial cue​ing, b: af ​ter nat​ural spa​tial cue​ing red square was ap ​pear ​ing
equally likely on the left or right side of the screen; c: valid spa​tial cue​ing, d: 80% of the time, red square was ap ​pear ​ing af ​ter valid spa​tial cue​ing on same
side of the ar ​row; d: in ​valid spa​tial cue​ing, e: 80% of the time, red square was ap ​pear ​ing af ​ter in ​valid spa​tial cue​ing on op​po​site side of the ar ​row. The task
was to quickly re​spond by press ​ing the n key, when the par ​tic​i​pants were see​ing the square, re​gard ​less of its lo ​ca​tion. (For in ​ter ​pre​ta​tion of the ref ​er ​ences
to color in this fig ​ure leg ​end, the reader is re​ferred to the web ver ​sion of this ar ​ti​cle.)

per ​i​men ​tal de​tails are as fol​lows (see also Francis et al., 2004 p. 7): Af​ter click ​ing on the start, a win​dow ap ​peared to start the
ex ​per ​i​ment. To start a trial, the space bar was pressed. A fix ​a​tion dot ap ​pears in the mid ​dle of the win​dow; the par ​tic​i​pant has to
stare at the fix ​a​tion dot. A short time later a cue ap ​pears. If the ar ​row points to the right, 80% of the time the tar ​get ap ​pears to the
right. If the ar ​row points to the left, 80% of the time the tar ​get ap ​pears to the left. If no tar ​get ap ​pears, the tar ​get is equally likely
to ap ​pear on the left or right. A short time af ​ter the cue dis ​ap ​pears, a red square ap ​pears. The par ​tic​i​pant’s task is to re​spond as
quickly as pos ​si​ble, when the square ap ​pears, re​gard ​less of its lo ​ca​tion. To re​spond, press the but​ton. Col​lec​tively, there are 80
tri​als, and in every trial, the goal is to sim​ply press the but​ton as soon as a red square ap ​pears.

2.4.2. Perception: visual search
Par​tic​i​pants are seated in front of the screen and asked to search a vi​sual tar ​get and to re​spond as quickly as pos ​si​ble once

they find the tar ​get, or to re​spond as quickly as pos ​si​ble, when they are cer ​tain the tar ​get is not in the screen. In this ex ​per ​i​ment,
the tar ​get was a green cir ​cle. For the fea​ture con ​di​tion, the dis ​trac​tors were al​ways blue squares. Ac​cord ​ingly, the green cir ​cle
seems to pop out of the im​age to quickly iden ​tify the lo ​ca​tion of the tar ​get. To in ​crease at​ten ​tion, the dis ​trac​tor items were made
more com​plex. Some of the dis ​trac​tors were green squares while oth ​ers were blue cir ​cles. Be​cause some of the dis ​trac​tors were
green, the green tar ​get cir ​cle no longer pops out and the par ​tic​i​pant must search through all the items to find the one that was
both green and a cir ​cle. This type of search is a called con ​junc​tive search be​cause the tar ​get was a con ​junc​tion of fea​tures in the
dis ​trac​tors (Fig. 2). The fea​ture and con ​junc​tive tri​als con ​sist of 48 tri​als each. Fur​ther, the num​ber of dis ​trac​tors could vary:
From 4 dis ​trac​tors (easy con ​di​tion), to 16 or to 64 dis ​trac​tors (de​mand ​ing con ​di​tion). Out​come vari​ables was the re​ac​tion time in
msec, for the fol​low ​ing four con ​di​tions (fea​ture con ​di​tion: tar ​get pre​sent; fea​ture con ​di​tion: tar ​get ab ​sent; con ​junc​tive con ​di​tion:
tar ​get pre​sent; con ​junc​tive con ​di​tion: tar ​get ab ​sent) ​×​three dis ​trac​tor con ​di​tions (4, 16, 64 dis ​trac​tors).

The ex ​per ​i​ment was as fol​lows (see also Francis et al., 2004; p. 19). Af​ter click ​ing the start but​ton, a win​dow ap ​pears to start
the fea​ture search ex ​per ​i​ment. Af​ter po​si​tion ​ing the mouse in the win​dow, the par ​tic​i​pant has to press the space bar, a fix ​a​tion
dot ap ​pears in the mid ​dle of the win​dow, and the par ​tic​i​pant stares at it. Less than a sec​ond later, cir ​cles and squares of var ​i​ous
col​ors ap ​pear on the screen. The par ​tic​i​pant’s task is to de​ter ​mine if there is a green cir ​cle among the shapes. When the par ​tic​i​-
pant sees a green cir ​cle, she/​he has to press the y but​ton as quickly as pos ​si​ble. If the par ​tic​i​pant is cer ​tain there is not a green
cir ​cle in the win​dow, she/​he has to press the z but​ton again as quickly as pos ​si​ble.
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Fig. 2. Dif​fer ​ent as ​pects of vi​sual search on the Cog-lab soft​ware. Af​ter click ​ing on the start but​ton, a win​dow was ap ​pear ​ing to start the vi​sual search ex ​-
per ​i​ment. A short time later (less than a sec​ond) cir ​cles and squares of var ​i​ous col​ors were ap ​pear ​ing on the screen. The task was to de​ter ​mine if there is a
green cir ​cle among the shapes. The pres ​ence of a green square should be an ​swered with the/​key, and the ab ​sence of that should be an ​swered with the z
key. (For in ​ter ​pre​ta​tion of the ref ​er ​ences to color in this fig ​ure leg ​end, the reader is re​ferred to the web ver ​sion of this ar ​ti​cle.)

Every trial con ​sists of about 48 tri​als. If a mis ​take is made, that trial is re​peated in the ex ​per ​i​ment, so that a par ​tic​i​pant may
ac​tu ​ally run more that 48 tri​als. In every trial the goal is sim​ply to de​ter ​mine if a green cir ​cle is pre​sent. If a par ​tic​i​pant is fre​-
quently in ​cor ​rect (feed ​back is given when a par ​tic​i​pant is in ​cor ​rect) the par ​tic​i​pant should try to de​lay the re​sponse un​til she/​he
is more cer ​tain to be cor ​rect.

2.5. Statistical analysis

With a se​ries of Pear​son’s cor ​re​la​tions, we cal​cu ​lated the as ​so​ci​a​tions be​tween age, num​ber of ac​ci​dents, num​ber of traf ​fic
vi​o​la​tions, symp​toms of ADHD and pro ​cess ​ing speed of spa​tial cue​ing and vi​sual search. Next, two mul​ti​ple re​gres ​sion analy ​ses
(step ​wise back ​wards) were per ​formed with the pre​dic​tors age, num​ber of ac​ci​dents, num​ber of traf ​fic vi​o​la​tions, and symp​toms
of ADHD and pro​cess ​ing speed of spa​tial cue​ing and vi​sual search as de​pen ​dent vari​ables.

The nom​i​nal level of sig​nif ​i​cance was set at al​pha​<​0.05. All sta​tis ​ti​cal cal​cu ​la​tions were per ​formed with SPSS® 25.0 (IBM
Cor​po​ra​tion, Ar​monk NY, USA) for Ap​ple Mac®.

3. Results

3.1. Sample characteristics

A to ​tal of 183 par ​tic​i​pants (mean age​=​31.65​years (SD ​=​9.76; 147 males, 36 fe​males) took part in the study. Of those, 89.7%
were car dri​vers and 10.3% mo ​tor ​cy ​cle dri​vers.

3.2. Traffic accidents and traffic violations and objective visual and spatial cueing performance

Table 1 re​ports the de​scrip ​tive and cor ​re​la​tional sta​tis ​ti​cal in ​dices. Higher traf ​fic vi​o​la​tions were as ​so​ci​ated with lower spa​tial
cue​ing and vi​sual search re​ac​tion time. The num​ber of ac​ci​dents and spa​tial cue​ing and vi​sual search re​ac​tion time were gen ​er ​-
ally not as ​so​ci​ated.

3.3. Symptoms of ADHD and spatial cueing and visual search reaction time

As fur ​ther shown in Table 1 higher symp​toms of ADHD were as ​so​ci​ated with faster spa​tial cue​ing and vi​sual search re​ac​tion
time.

3.4. Symptoms of ADHD and reported traffic violations and accidents

Higher symp​toms of ADHD were as ​so​ci​ated with more ac​ci​dents more traf ​fic vi​o​la​tions (see Table 1).

3.5. Age and spatial cueing and visual search reaction time

Higher age was as ​so​ci​ated with higher spa​tial cue​ing and vi​sual search re​ac​tion time (see Table 1).
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Table 1
De​scrip ​tive and cor ​rel​a​tive sta​tis ​ti​cal in ​dices of so​ciode​mo ​graphic, dri​ving-re​lated in ​for ​ma​tion, symp​toms of ADHD and per ​for ​mance of vi​sual search/​at​-
ten ​tion and spa​tial cue​ing.

Dimensions

Dimensions Age Accidents Traffic violations ADHD M (SD)

Age – 0.08 −0.39*** −0.15* 31.65 (9.76)
Accidents – – 0.22** 0.19* 1.12 (0.59)
Traffic violations – – – 0.45*** 35.72 (9.78)
ADHD – – – – 1.99 (1.14)
Spatial cueing
 Neutral 0.58*** 0.13 −0.23** −0.16* 397.37 (96.53)
 Valid 0.52*** −0.06 −0.22** −0.18* 369.29 (101.89)
 Invalid 0.46*** −0.04 −0.23* −0.17* 402.77 (142.40)
Visual search 4 distractors
 Conj absent 0.55*** −0.00 −0.20** −0.26*** 1136.01 (332.66)
 Conj present 0.54*** −0.09 −0.26*** −0.15* 896.12 (268.56)
 Feat absent 0.55*** 0.02 −0.26*** −0.14 945.67 (397.29)
 Feat present 0.47*** 0.15* −0.21** −0.22** 738.68 (245.07)
16 distractors
 Conj absent 0.45*** −0.23 −0.21** −0.19** 1590.83 (399.38)
 Conj present 0.50*** −0.03 −0.23** −0.18* 1133.91 (346.24)
 Feat absent 0.47*** 0.15** −0.24*** −0.19* 925.57 (346.62)
 Feat present 0.54*** 0.09 −0.24*** −0.27*** 761.87 (289.18)
64 distractors
 Conj absent 0.18** −0.04 −0.22*** −0.15** 2492.61 (828.08)
 Conj present 0.64*** 0.10 0.00 −0.14 1579.20 (456.69)
 Feat absent 0.33*** 0.07 0.09 −0.22*** 996.41 (423.86)
 Feat present 0.49*** 0.07 −0.24** −0.26*** 780.59 (274.62)

Notes: ADHD ​=​attention-deficit/ ​hyperarousal disorders; neutral​=​no cue is presented; valid ​=​the cue indicates the correct direction, where the target
appears; invalid ​=​the cue indicates the opposite direction, where the target appears; conj​=​conjunction ​=​distractor and target have the same color;
feature​=​distractor and target have different colors. absent​=​target is not presented; present​=​target is presented. 4​=​four distractors are presented; 16​=​16
distractors are presented; 64​=​64 distractors are presented.

3.6. Age, traffic accidents, traffic violations, and symptoms of ADHD as predictors of visual search and spatial cueing

First, the three means (neu ​tral, valid, in ​valid) of the spa​tial cue​ing con ​di​tion were col​lapsed to the over ​all mean of spa​tial
cue​ing. Like​wise, the means of the 3​×​4 means of vi​sual search were col​lapsed to the over ​all mean of vi​sual search. Next, two
sep​a​rate mul​ti​ple re​gres ​sion analy ​ses were per ​formed with the over ​all means as de​pen ​dent vari​ables and age, ac​ci​dents, traf ​fic
vi​o​la​tions, and symp​toms of ADHD as pre​dic​tors. The Durbin-Wat​son co ​ef ​fi​cients in ​di​cated that in ​de​pen ​dence of resid ​u​als was
sat​is ​fac​tory. Sec​ond, af ​ter step​wise ex ​clu ​sion, mul​ti​ple re​gres ​sion mod ​els suf​fi​ciently ex ​plained (R and R ) the de​pen ​dent vari​-
ables.

As shown in Table 2, higher symp​toms of ADHD and lower age pre​dicted faster re​ac​tion times (spa​tial cue​ing; vi​sual
search), while the num​ber of ac​ci​dents and the num​ber of traf ​fic vi​o​la​tions were not en ​tered in the equa​tion, as they did not
reach sta​tis ​ti​cal sig​nif ​i​cance.

Table 2
Mul​ti​ple lin ​ear re​gres ​sions with spa​tial cue​ing and vi​sual search re​ac​tion times as de​pen ​dent vari​ables, and age, ac​ci​dents, traf ​fic vi​o​la​tions and symp​toms
of ADHD as pre​dic​tors.

Dimension Variables Coefficient
Standard
error

Coefficient
β t p R R

Durbin-Watson
coefficient

Spatial cueing Intercept 231.23 22.72 – 10.177 0.001 0.553 0.305 1.718
Age 5.26 0.643 0.525 8.18 0.001
Symptoms of
ADHD

−5.167 2.913 -0.114 2.02 0.004

Excluded
variables

Accidents, violations (all t’s ​<​1.0, all p’s ​>​0.40)

Visual search Intercept 750.944 69.406 – 10.171 0.001 0.559 0.312 1.756
Age 15.816 1.964 0.514 8.05 0.001
Symptoms of
ADHD

− 22.05 8.99 -0.158 2.478 0.0014

Excluded
variables

Accidents, violations (all t’s ​<​1.0, all p’s ​>​0.40)
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4. Discussion

The key find ​ings of the pre​sent study were that among a sam​ple of Iran ​ian adult dri​vers, higher traf ​fic vi​o​la​tions were as ​so​ci​-
ated with lower spa​tial cue​ing and vi​sual search re​ac​tion time, while symp​toms of at​ten ​tion-deficit/ ​hy​per ​ac​tiv ​ity dis ​or ​der were
both as ​so​ci​ated with higher traf ​fic ac​ci​dents and traf ​fic vi​o​la​tions, but also with faster re​ac​tion times for spa​tial cue​ing and vi​-
sual search. Fur​ther, higher age was as ​so​ci​ated with slower re​ac​tion times for spa​tial cue​ing and vi​sual search. Last, both higher
symp​toms of ADHD and younger age pre​dicted faster re​ac​tion times for spa​tial cue​ing and vi​sual search. The pre​sent data add
to the lit​er ​a​ture in an im​por ​tant way, that above all symp​toms of ADHD had both fa​vor ​able (faster re​ac​tion time) and un​fa​vor ​-
able (ac​ci​dents and traf ​fic vi​o​la​tions) as ​so​ci​a​tions.

Four hy​pothe​ses and one re​search ques ​tion were for ​mu ​lated, and each of these is con ​sid​ered now in turn.
With the first hy​poth ​e​sis we as ​sumed that poor dri​ving be​hav ​ior such as re​ported traf ​fic vi​o​la​tions and ac​ci​dents were as ​so​ci​-

ated with lower ob​jec​tive vi​sual and spa​tial cue​ing per ​for ​mance, but data did not fully sup​port this as ​sump​tion: While higher
traf ​fic vi​o ​la​tions were as ​so​ci​ated with lower spa​tial cue​ing and vi​sual search re​ac​tion time, the num​ber of ac​ci​dents and spa​tial
cue​ing and vi​sual search re​ac​tion time were gen ​er ​ally not as ​so​ci​ated. Ac​cord ​ingly, the pre​sent re​sults do not fully match those
re​sults re​ported in other stud​ies (Gershon et al., 2012; Pierce & Andersen, 2014; Weaver et al., 2009; Zhang & Chan, 2016).
While the qual​ity of the data does not al​low a deeper un​der ​stand ​ing of the un​der ​ly ​ing psy​cho ​log ​i​cal mech ​a​nisms, we hy​poth ​e​-
size the fol​low ​ing mech ​a​nisms: It is con ​ceiv ​able that traf ​fic vi​o​la​tions might re​flect higher lev ​els of arousal and im​pul​siv​ity,
which re​main un​de​tected and un-pun​ished from au ​thor ​i​ties, and which might be also mir ​rored in faster vi​sual re​ac​tion times. On
the flip side, such arousal and im​pul​siv​ity does not equal to higher traf ​fic ac​ci​dents as a proxy of un​con ​trolled traf ​fic be​hav ​ior.

With the sec​ond hy​poth ​e​sis we ex ​pected a neg ​a​tive as ​so​ci​a​tion be​tween higher symp​toms of ADHD and lower ob​jec​tive vi​-
sual search and spa​tial cue​ing per ​for ​mance, but data did not con ​firm this: Rather, the op​po​site was ob​served, and ac​cord ​ingly,
the pat​tern of re​sults is at odds with pre​vi​ous re​search (Fuermaier et al., 2017; Vaa, 2014). Specif ​i​cally, in other stud​ies, higher
symp​toms of ADHD were as ​so​ci​ated with slower re​ac​tion times and poorer be​hav ​ioral per ​for ​mances in vi​sual-spa​tial at​ten ​tion
(Ortega et al., 2013) and lower scores of vi​sual at​ten ​tion (Turkan et al., 2016). One might ask as to why in the pre​sent study pre​-
vi​ous re​sults could not be repli​cated. Though spec​u​la​tive, it is con ​ceiv ​able that par ​tic​i​pants with higher symp​toms of ADHD
con ​sid​ered the vi​sual tasks as par ​tic​u​larly ex ​cit​ing, with the re​sult that their arousal in ​creased, and that fol​low ​ing the rule of
Yerkes and Dodson (1908) their per ​for ​mance peaked to an op​ti​mal state. Like​wise, it is con ​ceiv ​able that par ​tic​i​pants with higher
symp​toms of ADHD were more alert, com​pared to those with lower symp​toms of ADHD. Fur​ther, vari​abil​ity in re​ac​tion time
ap ​pears to be a sta​ble trait among in ​di​vid ​u​als with ADHD, when com​pared to healthy con ​trol con ​di​tions, but not, when com​-
pared to other clin ​i​cal sam​ples (Kofler et al., 2013). Last, from an evo ​lu ​tion ​ary point of view, in ​di​vid ​u​als will​ing and able to
switch quickly their fo ​cus of at​ten ​tion as in ​di​vid ​u​als with ADHD are able to do could gain some ad ​van ​tages, com​pared to in ​di​-
vid ​u​als with slow and low switch​ing of at​ten ​tion (Brüne, 2015; Stevens & Price, 2000).

With the third hy​poth ​e​sis we as ​sumed an as ​so​ci​a​tion be​tween higher symp​toms of ADHD and poor dri​ving be​hav ​ior such as
re​ported traf ​fic vi​o​la​tions and ac​ci​dents, and data did con ​firm this as ​sump​tion. In this view, the pre​sent re​sults do repli​cate what
was ob​served in pre​vi​ous stud​ies (El Farouki et al., 2014; Philip et al., 2015). How ​ever, we ex ​panded upon pre​vi​ous re​sults, as
such an as ​so​ci​a​tion was also ob​served among adult dri​vers in Iran.

With the fourth and last hy​poth ​e​sis we as ​sumed slower re​ac​tion times with in ​creas ​ing age, and data did again fully con ​firm
this. Ac​cord ​ingly, the pre​sent data do repli​cate pre​vi​ous stud​ies (Madden et al., 2002; Madden, 2007).

With the ex ​ploratory re​search ques ​tion, we in ​ves ​ti​gated, if di​men ​sions of dri​ving be​hav ​ior (ac​ci​dents, traf ​fic vi​o​la​tions), age,
and symp​toms of ADHD pre​dicted re​ac​tion times of spa​tial cue​ing and vi​sual search. As shown in Table 2, younger age and
higher symp​toms of ADHD pre​dicted faster re​ac​tion times of spa​tial cue​ing and vi​sual search, while the num​ber of ac​ci​dents
and traf ​fic vi​o​la​tions were ex ​cluded from the equa​tions, as they did not reach the level of sta​tis ​ti​cal sig​nif ​i​cance. We hold that
these re​sults add to the cur ​rent lit​er ​a​ture in an im​por ​tant way, as against re​search (Walshe, Ward McIntosh, Romer, & Winston,
2017), at least among younger adults, younger age was not as ​so​ci​ated with un​fa​vor​able vi​sual in ​for ​ma​tion pro ​cess ​ing speed, un​-
der ​stood as a proxy of dri​ving be​hav ​ior.

De​spite the nov​elty of the data, the fol​low ​ing lim​i​ta​tions warn against the over ​gen ​er ​al​iza​tion of the data. First, the sam​ple
con ​sisted of healthy vol​un​teers will​ing and able to par ​tic​i​pate to the study and to com​ply with the study con ​di​tions. Sec​ond, the
cross-sec​tional de​sign pre​cludes causal re​la​tion ​ships. Third, it re​mains un​clear, if and to what ex ​tent per ​for ​mance of ob​jec​tive
test ​ing of spa​tial cue​ing and vi​sual search is trans ​ferrable to real life dri​ving be​hav ​ior. Fourth, the tasks were such that only
speed was as ​sessed, and not ac​cu ​racy. Ac​cord ​ingly, it is con ​ceiv ​able that ap ​ply ​ing other cog ​ni​tive tasks such as prob ​lem-solv​ing
tasks (Tower of Hanoi; Hob​bit and Orcs-tasks (Sternberg, 2017), an ​other pat​tern of re​sults would have been ob​served. Firth,
symp​toms of ADHD were self-re​ported, while a thor ​ough psy​chi​atric in ​ter ​view would have al​lowed to fur ​ther con ​firm or re​ject
the self-rated con ​cept of symp​toms of ADHD. Sixth, it is con ​ceiv ​able that la​tent, but unassessed psy​cho ​log ​i​cal and phys ​i​o​log ​i​cal
di​men ​sions such as arousal, alert​ness, day ​time sleepi​ness, mo ​ti​va​tion, test anx ​i​ety, or in ​creased cor ​ti​sol con ​cen ​tra​tions as a
proxy of in ​creased psy​chophys ​i​o​log ​i​cal arousal might have bi​ased two or more di​men ​sions in the same or op​po​site di​rec​tion.
Specif ​i​cally, as shown in pre​vi​ous stud​ies, health-re​lated is ​sues such as di​men ​sions of de​pres ​sion, anx ​i​ety and poor sleep might
neg ​a​tively im​pact on dri​ving be​hav ​ior (Abdoli et al., 2018; Abdoli, Farnia, Delavar, Dortaj, et al., 2015; Abdoli, Farnia, Delavar,
Esmaeili, et al., 2015). In a sim​i​lar vein, sev​enth, Cortese et al. (2018) and Barkley and Cox (Barkley & Cox, 2007) men ​tioned ​
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that the in ​take of methylphenidate (or sim​i​lar stim​u​lants) in ​creases cog ​ni​tive per ​for ​mance, and, among oth ​ers, a more se​cure dri​-
ving be​hav ​ior. Eighth, Yordanova et al. (2011) and Burwell, Makeig, Iacono, and Malone (2019) un​der ​scored the in ​creased rate
of fluc​tu ​a​tions of at​ten ​tion among in ​di​vid ​u​als with ADHD. While the qual​ity of the pre​sent data does not al​low, if and to what
ex ​tent also par ​tic​i​pants of the pre​sent study ex ​pe​ri​enced such fluc​tu ​a​tions both while un​der ​go​ing the pre​sent test ​ing and dur ​ing
their every ​day dri​ving, it is con ​ceiv ​able that their pre​sent per ​for ​mances might have been bi​ased due to such fluc​tu ​a​tions of at​ten ​-
tion. Last, there is suf​fi​cient ev ​i​dence that poor sleep un​fa​vor ​ably im​pacts on ADHD be​hav ​ior (Diaz-Roman, Mitchell, &
Cortese, 2018; Keshavarzi et al., 2014); ac​cord ​ingly, it would have been im​por ​tant to as ​sess, if and if so, to what ex ​tent sleep
qual​ity might have bi​ased the pre​sent pat​tern of re​sults.

5. Conclusion

The pat​tern of re​sults sug​gests that among a sam​ple of adult dri​vers higher symp​toms of ADHD were as ​so​ci​ated both with a
higher num​ber of ac​ci​dents and traf ​fic vi​o ​la​tions, but also with faster re​ac​tion times in spa​tial cue​ing and vi​sual search tasks.
Fur​ther, older age was as ​so​ci​ated with slower re​ac​tion times. Data fur ​ther sug​gest a com​plex as ​so​ci​a​tion be​tween fast vi​sual in ​-
for ​ma​tion pro ​cess ​ing, younger age, higher symp​toms of ADHD and higher traf ​fic vi​o​la​tions. The find ​ings are clin ​i​cally rel​e​vant,
as they un​der ​score the dif ​fer ​en ​ti​ated view of per ​for ​mance and be​hav ​ior of adults with ADHD. Find​ings are fur ​ther rel​e​vant for
pol​icy mak ​ers to de​crease the risk of traf ​fic ac​ci​dents in Iran. Specif ​i​cally, traf ​fic en ​vi​ron ​ment and se​cu ​rity should be im​proved
such to re​duce the odds of traf ​fic ac​ci​dents and traf ​fic vi​o​la​tions, but above all to re​duce the cog ​ni​tive load of in ​for ​ma​tion in the
streets.
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