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Abstract

Background: Sleep deprivation leads to fatigue and sleepiness among health care workers and can result in road traffic collisions
(RTC) after their shift. Planned napping is one of the main solutions proposed to avoid this problem.
Objectives: The present study aimed at assessing the effect of two nap times during the night shift on psychomotor driving skills
among night shift nurses.
Methods: A cohort study was conducted on 19 night shift nurses. The nurses completed the eight tests of the validated traffic psy-
chological assessment battery of Vienna test system (VTS) before the night shift at 6 PM, and they repeated the same set of tests after
the night shift at 7 AM. Data were compared based on nap times (00:00 - 03:00 AM versus 03:00 - 06:00 AM), which were chosen by
the night shift nurses.
Results: Nurses aged 23 to 36 years old participated in this study. Their driving experience was 6.1 ± 3.4 years, and 34% reported
RTCs in the previous year. The nurses who chose to take naps from 00:00 to 03:00 showed a significantly improved time-movement
anticipation ability in driving compared to those who napped from 03:00 AM to 06:00 AM (P value = 0.005).
Conclusions: With respect to the time-movement anticipation test, napping during 00:00 to 03:00 AM provided better results
compared to napping at 03:00 to 06:00 AM. Anticipation is a highly important psychomotor ability for safe driving.
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1. Background

Healthy adults need 7.5 to 8.8 hours of sleep per night
(1). Sleep deprivation is the most common health prob-
lem among night shift nurses (2). Gold et al. reported
that 30.9% of the nurses had experienced a near-miss (an
unplanned event) while driving home after a night shift
during the preceding year (3). Impaired alertness and de-
creased attention (4), sleepiness, and fatigue (5) are the ma-
jor adverse effects of sleep deprivation, which can lead to
road traffic collisions (RTCs) (6).

A study indicated most of the RTCs among night shift
health cares occurred between 8 AM and 9 AM in the morn-
ing after a night shift when they were driving home (7).

Based on findings of the previous studies, night time
napping is an effective method to increase alertness, im-
prove cognitive performance (8), and reduce sleepiness (9).
Planned napping at the workplace is one way to reduce
fatigue and sleepiness among health care workers (10).
Night shift nurses frequently experience sleepiness, how-
ever, planned napping can decrease both sleepiness (11, 12)
and the risk of RTC (13) when driving home after shifts.
Nurses taking a nap during their night shifts is reported to
diminish sleepiness while driving home after their shifts
(13). Silva-Costa et al. reported that the efficacy of napping
during night shifts is similar to that of night time sleep at
home (14).

A study by Gillberg showed that an hour nap at 4:30
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AM can improve performance at the end of the shift (7 AM)
compared to no nap (15). Taking a nap at 2 AM and 3 AM is
reported to improve the reaction time and reduce fatigue
after the shift (11, 16, 17).

A main challenge of shift work is the conflict between
displaced work hours and an internal body clock in the
brain that produces circadian rhythms; it exists in the
suprachiasmatic nuclei of the hypothalamus (18). This
body clock produces a signal that results in a pronounced
24-hour alternation in all physiological and psychological
functions such as body temperature, alertness, sleepiness,
and hormone levels. Melatonin has a high point at ~ 04:00
AM and a low point at ~ 16:00 PM, and is closely associated
with temperature and alertness (19). The circadian adjust-
ment of shift workers is slow, about one hour every day. If
no adjustment occurs, work at the circadian nadir will be
performed at low levels of physiological activation, alert-
ness, and behavioral efficiency (20).

It has been shown that more than 90% of RTCs are due
to human errors and driver behavior (21, 22). Thus, traffic
psychology tests have become highly important to assess
safe driving (21).

2. Objectives

In this study, by using a validated computerized test
system (23), we examined the relationship between two
nap times (00:00 - 03:00 AM versus 03:00 - 06:00 AM) and
the psychomotor skills required for safe driving after a
night shift for the first time in Iran. These skills include
attention, concentration, reactive stress tolerance, percep-
tual speed, peripheral perception, visual pursuit ability,
visuo-motor coordination, and time-movement anticipa-
tion.

3. Methods

3.1. Participants and Procedure

A cohort study was conducted on 19 night shift female
nurses working at the Sina Hospital in Tehran (Iran) dur-
ing 2015 and 2016 through an announcement in all depart-
ments. In this hospital, night shift nurses work 12 hours
from 7 PM to 7 AM, and they can take three hour naps from
00:00 to 03:00 AM or from 03:00 to 06:00 AM by their
choice.

Participants in our study also chose their nap times
based on their preferences. Eight participants chose to nap
from 00:00 to 03:00 AM (group one) and 11 chose to nap
from 03:00 to 06:00 AM (group two).

Criteria for inclusion were as follow: healthy female
nurses aged 20 to 40; at least one year of work experi-
ence; holding a driver’s license; being a frequent driver,

and working only one shift during the 24 hours preceding
the study.

Nurses attended a training session to practice with the
traffic psychological assessment battery of Vienna test sys-
tem (VTS). Then, on the day of the study, they completed
the VTS test set one hour before the beginning of the night
shift at 6 PM. Then, they completed the same tests again at
the end of the night shift in the following morning at 7 AM
before returning home. The participants were asked to ab-
stain from drinking coffee or taking any medication that
could affect their sleep during the test sessions.

3.2. Data Collection Tools

The demographic and circadian type inventory (CTI)
questionnaires were used for data collection. CTI ques-
tionnaire measures rhythm, stability, and amplitude of cir-
cadian rhythm. Flexible/rigid (FR) states the flexibility of
sleeping habits. Rigid types denote to those who cannot
sleep at irregular hours. Languid/vigorous (LV) explains
the amplitude of circadian cycles. Languid types cannot
overcome sleepiness in the condition of lack of sleep, while
vigorous types are more alert during the day and need less
sleep than languid types. Vigorous and flexible types show
better adaptation with shift work (24).

Also, traffic psychological battery of the Vienna test sys-
tem was used for assess psychomotor ability of driving af-
ter night shift. The eight VTS tests used in this study were as
follow: the determination test (DT); cognitrone test (COG);
reaction time test (RT); adaptive tachistoscopic traffic per-
ception test (ATAVT); peripheral perception test (PP); visual
pursuit test (LVT); two hand coordination test (2HAND);
and time-movement anticipation test (ZBA). The validity
and reliability of the tests have been reported in several
studies (23, 25). Detailed explanation of the tests is pro-
vided in the Supplementary File Appendix 1.

3.3. Statistical Inference

To better understand the results, we defined scores as
follows:

Scores obtained before the shift (SOBS); scores ob-
tained after the shift (SOAS); changes in SOAS, compared to
SOBS (CABS), and difference of CABS between the two study
groups (DCABS). An interpretation was made based on the
comparison of DCABS between the two groups. Therefore,
the DCABS was calculated for every test and compared be-
tween the two study groups, using independent student’s
t-test and Wilcoxon Rank test.

All statistical analyses were performed using IBM SPSS
Statistics, version 20.0. Significance level was set at 0.05.
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3.4. Ethical Consideration

The study protocol was approved by the Research
Ethics Committee of Tehran University of Medical Sci-
ences and in accordance with the ethical guidelines of
the 1975 Declaration of Helsinki (reference number: IR
TUMS.REC.2015.1984- 7/12/2015). All the participants pro-
vided written informed consent.

4. Results

Table 1 demonstrates the comparison of baseline char-
acteristics between the study groups. There was no statis-
tically significant difference in the baseline characteristics
of the study groups.

Table 2 presents the mean CABS in the study groups as
well as the DCABS.

The mean CABS in case of the “median deviation time”
(ZBA test) was negative in group one (-0.26±0.21) and pos-
itive in group two (0.05±0.21). The DCABS was statistically
significant in case of this variable (P = 0.005).

The DCABS in the subtests of other VTS tests (COG, LVT,
RT, DT, ATAVT, PP, and 2Hand) failed to reach significant
level (P > 0.05) (Table 2).

5. Discussion

The present study aimed at determining the change in
the psychomotor skills of driving in nurses after a night
shift, according to their nap time during their shift.

Each participant passed the tests before and after the
night shift. The CABS is influenced by fatigue and sleepi-
ness, as well as the learning curve mechanism. Therefore,
if one group shows less improvement (or deterioration)
in the test scores obtained after the shift compared to the
other group, then, we can conclude that the timing of the
nap taken by that group was not as effective as the other
group.

Based on the results, improvement in the participants’
ability of time-movement anticipation was significantly
higher in group one, compared to group two in the ZBA
test. The ZBA test could be related to the ability of estimat-
ing the time to collision of two vehicles that are moving
at a constant speed (26). In this test, a ball moving slowly
appears on the monitor. Then, in an unexpected moment,
this ball disappears and two red lines appear; one line is
positioned at the point where the ball has disappeared,
and the other is considered the target line. The participant
should press one button the second he/she thinks the ball
crosses the target line (Figure 1).

Figure 1. ZBA test (manual)

The advantage of a 00:00 to 03:00 nap time compared
to 00:03 to 00:06 may be explained by sleep inertia, a phys-
iological state characterized by a deficit of motor skills di-
rectly after rapidly waking up and damaged alertness may
affect physical and mental performance (27, 28). Another
explanation could be the quantity and quality of sleep dur-
ing nap opportunity. A study of nurses revealed that those
who napped from 00:00 to 03:00 AM slept 147.5 minutes,
while those who napped from 03:00 to 06:00 AM slept 112.0
minutes only. Shorter napping during this period could
be related to medical procedures in the hospital before 7
AM that increase noise levels and interrupt the naps. Fur-
thermore, anxiety about getting ready to leave (29) for an-
other job may be another reason for shorter naps during
the 03:00 to 06:00 AM naps.

In this study, we did not detect a statistically signifi-
cant difference between the two nap groups in the change
of test scores before and after the shift with respect to
other psychomotor driving abilities. These tests include
two hand coordination, peripheral perception, selective
attention, visual pursuit, reactive stress tolerance, reaction
time, and perceptual speed. This could be due to the lim-
ited sample size of our study or the lack of advantage be-
tween the two nap times. Studies with larger sample sizes
are required to identify the equality of nap times with re-
gards to the above-mentioned tests.

Previous researches directed to measure fitness to
drive had focused on the RTC rates. However, this measure
has several disadvantages. RTCs rarely occur, follow poison
distribution, and are multi-causal (23). Other methods for
measuring the risk of RTC including information gathered
through self-reporting, insurance companies, and official
sources are significantly different in agreement levels (30).
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Table 1. Baseline Characteristics of the Study Groupsa

Characteristics Group 1, 00 - 03 AM Nap, (N = 8) Group 2, 03 - 06 AM Nap, (N = 11) P Value

Age 29.5 ± 4.14 28.73 ± 4.10 0.69b

Driving experience 7.00 ± 2.51 5.27 ± 4.34 0.33b

Sleep duration within last 24 hours 8.87 ± 1.96 8.73 ± 2.41 0.89b

Marital status 0.66c

Single 5 (62.5) 7 (63.3)

Married 3 (37.5) 4 (36.4)

Circadian rhythm

Flexible 2 (25) 2 (18.2)
0.57c

Rigid 6 (75) 9 (81.8)

Langui 1 (12.5) 1 (9.1)
0.68c

Vigorous 7 (87.5) 10 (90.9)

RTC history 0.17c

No 4 (50) 9 (81.8)

Yes 4 (50) 2 (18.2)

aValues are expressed as mean± SD or No. (%).
bBased on student’s t-test.
cBased on chi-2 test.

Comparison of self-reported and recorded driving memo-
ries information revealed that 80% of minor RTCs and most
of the near-accidents would be forgotten in two weeks (31).
Several studies have designed standardized driving tests
as an alternative measure of respondents’ fitness to drive
(32, 33). VTS is among the best-known tests and its valid-
ity and reliability for measuring fitness to drive have been
reported in several studies (25, 34). The VTS battery used
in our study is a standard computer system that assesses
essential psychomotor requirements for safe driving. It is
legally used in 25 countries to assess drivers who commit
violations (35).

To our knowledge, this is the first study that has uti-
lized a reliable objective tool to compare the association of
nap time with fitness to drive after night shift.

The limitation of our study was its small sample size.
Moreover, we did not consider job difficulty and the per-
sonality traits of the participants. In addition, the quality
of the nap and the environmental situation of the nurses’
rest room were not documented among the individuals.

5.1. Conclusions

Our study revealed that time-movement anticipation
ability of night shift nurses who took a nap at 03:00 to
06:00 AM was deteriorated compared to a similar group
of nurses who took a nap at 00:00 to 03:00 AM; consider-
ing the fact that time-movement anticipation is an impor-
tant factor for safe driving, hazard control, and RTC preven-

tion. We can conclude that night shift nurses who nap at
03:00 to 06:00 AM are at a higher risk of RTC while driv-
ing home after a night shift. However, further studies with
larger sample sizes are needed to investigate the effect of
nap types on the other psychomotor skills needed for safe
driving.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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Table 2. The Mean Score Change (CABS) of Psychomotor Abilities of Driving Variables as well as the Mean Differences (DCABS) Among the Study Groups

Tests Variables Unit CABS, Type of Nap DCABS, Mean (SE) P Value

Group 1, 0:00 - 03:00 AM Group 2, 03:00 - 06:00 AM

ZBA (time-movement
anticipation)

Median deviation time SQRT
transformed

s -0.26 ± 0.21 0.05 ± 0.21 -0.31 (0.097) 0.005a

2 Hand (viso motor
coordination)

Overall mean duration
(2Hand1)

s 0.46 ± 6.30 -4.41 ± 5.33 4.89 (2.6) 0.087a

Overall percent error
duration (2Hand2)

- -0.11 ± 1.86 -0.24 ± 1.19 0.11 (0.69) 0.88a

ATAVT (perceptual speed) Overview - 2.25 ± 3.92 -0.64 ± 2.54 2.89 (1.48) 0.068a

DT (choice reaction time)

Correct response (DT1) n 2.37 ± 12.96 2.9 ± 12.53 6.25 (-15.81) 0.68a

Incorrect response (DT2) n 0.25 ± 3.10 -0.40 ± 4.88 0.43 (1.91) 0.82a

Omitted response (DT3) n -0.12 ± 2.95 -1.70 ± 3.97 2.69 (2.08) 0.21a

Median reaction time (DT4) s -0.01 ± 0.02 -0.002 ± 0.04 -0.01 (0.01) 0.47a

LVT (visual orientation)

Score [based on viewing
times] (LVT1)

- 0.25 ± 1.67 0.30 ± 3.23 0.16 (1.12) 0.89a

Score [based on working
times] (LVT2)

- 0.87 ± 1.73 0.60 ± 2.80 0.58 (2.34) 0.44b

PP (peripheral
perception)

Field of vision (PP1) ° -4.26 ± 20.30 1.2 ± 4.73 0.16 (13.37) 0.8b

Tracking deviation (PP2) - 0.8 ± 0.96 -0.11 ± 0.84 0.23 (0.94) 0.49b

RT (simple reaction time)
Mean reaction time (RT1) ms -14.37 ± 63.65 8.7 ± 48.71 -20.28 (25.34) 0.43a

Mean motor time (RT2) ms -1.5 ± 28.97 31.10 ± 80.49 15.58 (62.04) 0.49b

Cog (selective attention)

Sum hits (Cog1) n -0.13 ± 1.25 -0.30 ± 0.95 -0.26 (1.05) 0.72b

Correct rejections (Cog2) n -0.13 ± 1.36 0.40 ± 1.71 0.16 (1.50) 0.60b

Mean time correct rejection
(Cog3)

s 0.09 ± 0.40 0.05 ± 0.28 0.06 (0.15) 0.72a

Abbreviations: ms, milli second; s, second.
aBased on Student t-test.
bBased on Wilcoxon Rank test.

the manuscript: Farideh Sadeghian. Critical revision of the
manuscript for important intellectual content: Soheil Saa-
dat, Farideh Sadeghian, Mojgan Karbakhsh, Iraj Alimoham-
madi, Hassan Ashayeri and Mahsa Fayaz. Statistical analy-
sis: Soheil Saadat and Mahsa Fayaz. Administrative, tech-
nical, and material support: Soheil Saadat. Study supervi-
sion: Soheil Saadat.

Conflict of Interests: The authors declare that there is no
conflict of interests concerning the publication of this pa-
per.

Ethical Approval: The study protocol was approved by
Research Ethics Committee of Tehran University of Medi-
cal Sciences and in accordance with the ethical guidelines
of the 1975 Declaration of Helsinki (reference number: IR
TUMS.REC.2015.1984- 7/12/2015).

Funding/Support: This study was sponsored by Sina
Trauma and Surgery Research Center (NO.30427), affiliated
to Tehran University of Medical Sciences.
Patient Consent: All participants provided written in-

formed consent.

References

1. Banks S, Dinges DF. Chronic sleep deprivation. Principles and practice
of sleep medicine. 5th ed. Louis, Missouri: Elsevier Health Sciences;
2011. p. 67–75. doi: 10.1016/b978-1-4160-6645-3.00006-2.

2. Johnson AL, Jung L, Song Y, Brown KC, Weaver MT, Richards KC.
Sleep deprivation and error in nurses who work the night shift. J
Nurs Adm. 2014;44(1):17–22. doi: 10.1097/NNA.0000000000000016.
[PubMed: 24316614].

3. Gold DR, Rogacz S, Bock N, Tosteson TD, Baum TM, Speizer FE,
et al. Rotating shift work, sleep, and accidents related to sleepi-
ness in hospital nurses. Am J Public Health. 1992;82(7):1011–4.
doi: 10.2105/ajph.82.7.1011. [PubMed: 1609900]. [PubMed Central:
PMC1694075].

4. Oken BS, Salinsky MC, Elsas SM. Vigilance, alertness, or sustained
attention: Physiological basis and measurement. Clin Neurophys-
iol. 2006;117(9):1885–901. doi: 10.1016/j.clinph.2006.01.017. [PubMed:
16581292]. [PubMed Central: PMC2865224].

5. Ruggiero JS, Redeker NS. Effects of napping on sleepiness and sleep-
related performance deficits in night-shift workers: A systematic re-

Shiraz E-Med J. 2019; 20(11):e86980. 5

http://dx.doi.org/10.1016/b978-1-4160-6645-3.00006-2
http://dx.doi.org/10.1097/NNA.0000000000000016
http://www.ncbi.nlm.nih.gov/pubmed/24316614
http://dx.doi.org/10.2105/ajph.82.7.1011
http://www.ncbi.nlm.nih.gov/pubmed/1609900
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1694075
http://dx.doi.org/10.1016/j.clinph.2006.01.017
http://www.ncbi.nlm.nih.gov/pubmed/16581292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2865224
http://emedicalj.com


Saadat S et al.

view. Biol Res Nurs. 2014;16(2):134–42. doi: 10.1177/1099800413476571.
[PubMed: 23411360]. [PubMed Central: PMC4079545].

6. Steele MT, Ma OJ, Watson WA, Thomas HJ, Muelleman RL. The occu-
pational risk of motor vehicle collisions for emergency medicine
residents. Acad Emerg Med. 1999;6(10):1050–3. doi: 10.1111/j.1553-
2712.1999.tb01191.x. [PubMed: 10530665].

7. Scott LD, Hwang WT, Rogers AE, Nysse T, Dean GE, Dinges DF. The
relationship between nurse work schedules, sleep duration, and
drowsy driving. Sleep. 2007;30(12):1801–7. doi: 10.1093/sleep/30.12.1801.
[PubMed: 18246989]. [PubMed Central: PMC2276124].

8. Takeyama H, Kubo T, Itani T. The nighttime nap strategies for improv-
ing night shift work in workplace. Ind Health. 2005;43(1):24–9. doi:
10.2486/indhealth.43.24. [PubMed: 15732300].

9. Lovato N, Lack L. The effects of napping on cognitive functioning. Prog
Brain Res. 2010;185:155–66. doi: 10.1016/B978-0-444-53702-7.00009-9.
[PubMed: 21075238].

10. [No authors listed]. Health care worker fatigue and patient safety. Sen-
tinel Event Alert. 2011;(48):1–4. [PubMed: 22171415].

11. Smith-Coggins R, Howard SK, Mac DT, Wang C, Kwan S, Rosekind
MR, et al. Improving alertness and performance in emer-
gency department physicians and nurses: the use of planned
naps. Ann Emerg Med. 2006;48(5):596–604. 604 e1-3. doi:
10.1016/j.annemergmed.2006.02.005. [PubMed: 17052562].

12. Geiger-Brown J, Sagherian K, Zhu S, Wieroniey MA, Blair L, Warren
J, et al. CE: original research: Napping on the night shift: a two-
hospital implementation project. Am J Nurs. 2016;116(5):26–33. doi:
10.1097/01.NAJ.0000482953.88608.80. [PubMed: 27082421]. [PubMed
Central: PMC4889223].

13. Garbarino S, Mascialino B, Penco MA, Squarcia S, De Carli F, No-
bili L, et al. Professional shift-work drivers who adopt prophylactic
naps can reduce the risk of car accidents during night work. Sleep.
2004;27(7):1295–302. doi: 10.1093/sleep/27.7.1295. [PubMed: 15586782].

14. Silva-Costa A, Rotenberg L, Griep RH, Fischer FM. Napping on the night
shift among nursing staff: potential benefits for workers’ health. Es-
cola Anna Nery. 2015;19(1). doi: 10.5935/1414-8145.20150005.

15. Gillberg M. The effects of two alternative timings of a one-hour nap
on early morning performance. Biol Psychol. 1984;19(1):45–54. doi:
10.1016/0301-0511(84)90009-7. [PubMed: 6478003].

16. Purnell MT, Feyer AM, Herbison GP. The impact of a nap opportu-
nity during the night shift on the performance and alertness of
12-h shift workers. J Sleep Res. 2002;11(3):219–27. doi: 10.1046/j.1365-
2869.2002.00309.x. [PubMed: 12220318].

17. Lovato N, Lack L, Ferguson S, Tremaine R. The effects of a 30-
min nap during night shift following a prophylactic sleep in the
afternoon. Sleep Biol Rhythms. 2009;7(1):34–42. doi: 10.1111/j.1479-
8425.2009.00382.x.

18. Klein D, Moore R, Reppert S. Suprachiasmatic nucleus: the mind’s clock.
New York: Oxford University Press; 1991.

19. Czeisler CA, Weitzman E, Moore-Ede MC, Zimmerman JC, Knauer RS.
Human sleep: Its duration and organization depend on its circadian
phase. Science. 1980;210(4475):1264–7. doi: 10.1126/science.7434029.

[PubMed: 7434029].
20. Wever RA. Phase shifts of human circadian rhythms due to shifts

of artificial Zeitgebers. Chronobiologia. 1980;7(3):303–27. [PubMed:
6108838].

21. Beierle B. Psychologische und technische analyse von LKW-
Verkehrsunfällen. 1995.

22. Shappell SA, Wiegmann DA. Human factors investigation and analy-
sis of accidents and incidents. Encyclopedia of forensic sciences. 2013. p.
440–9. doi: 10.1016/b978-0-12-382165-2.00146-x.

23. Risser R, Chaloupka C, Grundler W, Sommer M, Hausler J, Kaufmann
C. Using non-linear methods to investigate the criterion validity of
traffic-psychological test batteries. Accid Anal Prev. 2008;40(1):149–57.
doi: 10.1016/j.aap.2006.12.018. [PubMed: 18215543].

24. Di Milia L, Smith PA, Folkard S. A validation of the revised cir-
cadian type inventory in a working sample. Pers Individ Differ.
2005;39(7):1293–305. doi: 10.1016/j.paid.2005.04.012.

25. Sommer M, Herle M, Häusler J, Risser R, Schützhofer B, Chaloupka
C. Cognitive and personality determinants of fitness to drive.
Transp Res Part F Traffic Psychol Behav. 2008;11(5):362–75. doi:
10.1016/j.trf.2008.03.001.

26. Hayward JC. Near miss determination through use of a scale of danger.
1972.

27. Tassi P, Muzet A. Sleep inertia. Sleep Med Rev. 2000;4(4):341–53. doi:
10.1053/smrv.2000.0098. [PubMed: 12531174].

28. Wertz AT, Ronda JM, Czeisler CA, Wright KP Jr. Effects of sleep iner-
tia on cognition. JAMA. 2006;295(2):163–4. doi: 10.1001/jama.295.2.163.
[PubMed: 16403927].

29. Snyder CW. National Aeronautics and Space Administration (NASA)
NASA. Encyclopedia of Planetary Science: Springer; 1997.

30. Szlyk JP, Seiple W, Viana M. Relative effects of age and compromised
vision on driving performance. Hum Factors. 1995;37(2):430–6. doi:
10.1518/001872095779064645. [PubMed: 7642186].

31. Chapman P, Underwood G. Forgetting near-accidents: the roles
of severity, culpability and experience in the poor recall of dan-
gerous driving situations. Appl Cogn Psychol. 2000;14(1):31–44. doi:
10.1002/(sici)1099-0720(200001)14:1<31::aid-acp622>3.0.co;2-9.

32. Lundqvist A, Gerdle B, Ronnberg J. Neuropsychological aspects
of driving after a stroke?in the simulator and on the road.
Appl Cogn Psychol. 2000;14(2):135–50. doi: 10.1002/(sici)1099-
0720(200003/04)14:2<135::aid-acp628>3.0.co;2-s.

33. Sommer M, Arendasy M, Olbrich A, Schuhfried G. [Quali-
taetsverbesserung in der verkehrspsychologischen Diagnostik
mit neuronalen Netzen: Eine Pilotstudie/Quality improvement in
traffic psychological assessment through artificial neural networks:
A pilot study]. Zeitschrift für Verkehrssicherheit. 2004;50(4). German.

34. Risser R. Validity of driver’s diagnostics and selection. Assessing the
driver. 1997. p. 89–101.

35. Amado S, Ulupınar P. The effects of conversation on attention periph-
eral detection: Is talking with a passenger and talking on the cell
phone different? Transp Res Part F Traffic Psychol Behav. 2005;8(6):383–
95. doi: 10.1016/j.trf.2005.05.001.

6 Shiraz E-Med J. 2019; 20(11):e86980.

http://dx.doi.org/10.1177/1099800413476571
http://www.ncbi.nlm.nih.gov/pubmed/23411360
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4079545
http://dx.doi.org/10.1111/j.1553-2712.1999.tb01191.x
http://dx.doi.org/10.1111/j.1553-2712.1999.tb01191.x
http://www.ncbi.nlm.nih.gov/pubmed/10530665
http://dx.doi.org/10.1093/sleep/30.12.1801
http://www.ncbi.nlm.nih.gov/pubmed/18246989
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2276124
http://dx.doi.org/10.2486/indhealth.43.24
http://www.ncbi.nlm.nih.gov/pubmed/15732300
http://dx.doi.org/10.1016/B978-0-444-53702-7.00009-9
http://www.ncbi.nlm.nih.gov/pubmed/21075238
http://www.ncbi.nlm.nih.gov/pubmed/22171415
http://dx.doi.org/10.1016/j.annemergmed.2006.02.005
http://www.ncbi.nlm.nih.gov/pubmed/17052562
http://dx.doi.org/10.1097/01.NAJ.0000482953.88608.80
http://www.ncbi.nlm.nih.gov/pubmed/27082421
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4889223
http://dx.doi.org/10.1093/sleep/27.7.1295
http://www.ncbi.nlm.nih.gov/pubmed/15586782
http://dx.doi.org/10.5935/1414-8145.20150005
http://dx.doi.org/10.1016/0301-0511(84)90009-7
http://www.ncbi.nlm.nih.gov/pubmed/6478003
http://dx.doi.org/10.1046/j.1365-2869.2002.00309.x
http://dx.doi.org/10.1046/j.1365-2869.2002.00309.x
http://www.ncbi.nlm.nih.gov/pubmed/12220318
http://dx.doi.org/10.1111/j.1479-8425.2009.00382.x
http://dx.doi.org/10.1111/j.1479-8425.2009.00382.x
http://dx.doi.org/10.1126/science.7434029
http://www.ncbi.nlm.nih.gov/pubmed/7434029
http://www.ncbi.nlm.nih.gov/pubmed/6108838
http://dx.doi.org/10.1016/b978-0-12-382165-2.00146-x
http://dx.doi.org/10.1016/j.aap.2006.12.018
http://www.ncbi.nlm.nih.gov/pubmed/18215543
http://dx.doi.org/10.1016/j.paid.2005.04.012
http://dx.doi.org/10.1016/j.trf.2008.03.001
http://dx.doi.org/10.1053/smrv.2000.0098
http://www.ncbi.nlm.nih.gov/pubmed/12531174
http://dx.doi.org/10.1001/jama.295.2.163
http://www.ncbi.nlm.nih.gov/pubmed/16403927
http://dx.doi.org/10.1518/001872095779064645
http://www.ncbi.nlm.nih.gov/pubmed/7642186
http://dx.doi.org/10.1002/(sici)1099-0720(200001)14:1<31::aid-acp622>3.0.co;2-9
http://dx.doi.org/10.1002/(sici)1099-0720(200003/04)14:2<135::aid-acp628>3.0.co;2-s
http://dx.doi.org/10.1002/(sici)1099-0720(200003/04)14:2<135::aid-acp628>3.0.co;2-s
http://dx.doi.org/10.1016/j.trf.2005.05.001
http://emedicalj.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Participants and Procedure
	3.2. Data Collection Tools
	3.3. Statistical Inference
	3.4. Ethical Consideration

	4. Results
	Table 1
	Table 2

	5. Discussion
	Figure 1
	5.1. Conclusions

	Supplementary Material
	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interests
	Ethical Approval
	Funding/Support
	Patient Consent

	References

