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ABSTRACT

Aims: This study aims to evaluate the effects of night shifts on attention and executive function among residents working at
Trakya University Hospital. Methods: This prospective study was performed between November 2019 - January 2020 on 83
residents working at Trakya University Hospital. The Tower of Hanoi test was used to measure the attention and function level of
two different groups of residents. The first group being residents working with night shifts and the other group being residents
with regular working hours. After the participants finished solving the puzzle, the number of moves and the finishing time were
recorded. The demographic data about smoking, coffee intake, sleep hours, departments, and hand dominance were also recor-
ded. Results: The participants were composed of 36 (43.4 %) female and 47 (56.6 %) male residents. The difference in smoking
rate and sleep time between the two groups were found to be statistically significant whereas the difference between the comple-
tion time and moves was not statistically significant. Conclusion: Smoking and duration of sleep may affect the Tower of Hanoi
puzzle performance. Although residents working with night shifts did not under-perform, the importance of sleep for cognitive
skills such as attention and coordination cannot be underestimated. Stress caused by night shifts may affect reaction time for
problem-solving, but further studies are needed. Keywords: Nightshift, attention, Tower of Hanoi test

INTRODUCTION Night shifts are recognized as a burden that affects
doctors’ behavior and attitude (2). Night shift does not
Nightshift is an irregular work schedule which is only affect the residents’ stress levels, but it also affects
extended beyond the usual 08:00-17:00 working hours thei.r sleep cycles. l?octors usually h.ave. many duties
(1). This irregularity affects residents’ lifestyles. Emp- ~ during the night shifts and those duties interrupt the-
loyees working with nightshifts, for instance, residents i sleep cycles (1). Thus, residents working with night
are more subjected to loss of sleep time, difficulties shifts experience desynchronosis. This is usually a re-
with sleep onset, drowsy driving, and difficulties with sult of disruption to the circadian rhythm which is a
concentration (1). Furthermore, night shift work abo- biological cycle to coordinate various behavioral and
lishes melatonin levels and causes repair decrement of physiological activities (1). . .
oxidative DNA lesions which is suggesting a role for The workload during the night shifts also leads to
oxidative stress (1). Poor sleep quality was significant- sleep deprivation which has a high incidence among
ly associated with anxiety and depression (1). As the doctors (3). The danger of sleep-deprived medical mis-
anxiety and depression levels increase, back problems, takes by health care professionals has been recognized
eyesight difficulties, ulcers, and migraine headaches (3). Giilser et al. (4) suggested that sleep disorders can
may start to occur. Thus, the longer the residents work be caused _bY n%ght shifts since they cause interrupti-
the more prone they become to under-performing in 0 of the circadian rhythm. On the other hand, a study

their daily tasks (2). conducted by Baldwin et al. (2) states that longer or
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shorter sleep hours do not correlate with general he-
alth knowledge and attention. However short sleep pe-
riods relate the somatic symptoms such as “feeling run
down” or “pain in the head” (2). For this reason, the
necessity of sleep is very crucial for residents who need
a lot of attention and coordination for their daily work.

“Tower of Hanoi” is used to measure the dysfunc-
tion and executive function levels. This measurement
method is validated by a study on neuropsychology by
Welsh et al (5). It is considered to be an exemplary me-
asure of the executive function of the prefrontal cortex
(5, 6). Solving the puzzle requires the coping ability
with novel situations and means-end analysis (5). The
puzzle also has an acceptable level of internal consis-
tency (alpha=0.70) (5).

The aim of this study is to evaluate the effects of the
night shift on attention and executive function among
residents working at Trakya University Hospital using
the Tower of Hanoi.

MATERIAL AND METHODS

This prospective study was approved by the Scien-
tific Research Ethics Committee of Trakya University
(Protocol Code: TUTF-BAEK 2019-360). After obtai-
ning informed consent from all participants, the study
was performed between November 2019 and January
2020. The study population was composed of 83 re-
sidents who work at internal (cardiology, endocrino-
logy, family medicine, gastroenterology, hematology,
infectious diseases, internal medicine intensive care,
nephrology, neurology, pediatrics, pulmonology, rheu-
matology) and surgical (anesthesiology, cardiovascular
surgery, general surgery, gynecology, neurosurgery,
ophthalmology, orthopedics and traumatology, otolar-
yngology, pediatric surgery, plastic surgery, urology)
departments at Trakya University Hospital.

The trial was composed of two days. On the first and
second days of trial, the residents were asked to solve
the Tower of Hanoi puzzle and after they completed the
puzzle, the number of moves and the completion time
were recorded. The results from two different days with
at least a 24-hour interval were evaluated to compare
their performances. The puzzle trials were conducted
in between 13:30-17:00 for each resident. On the se-
cond day of trial, data about their smoking habit, coffee
intake, sleep duration, age, gender, department, shift
status and hand dominance were recorded. Data on
sleep duration, smoking habits, and coffee intakes are
from the last 24-hours.
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The participants were composed of two groups: re-
sidents with a night shift (continuously working for 36
hours) and residents with regular working hours (total
of 9 hours). The first day of trial for the residents wor-
king on a night shift was before their night shift duty,
and after they completed their night shift, they solved
the puzzle again on their working hours. Residents on
their regular working hours solved the puzzle in two
different days with the same procedure.

“Tower of Hanoi” is a puzzle consisting of 3 bars
(right, middle and left bars) and 5 different sized dis-
ks. The puzzle starts with all the disks being placed on
the left bar. The aim of the puzzle is to take disks from
the left bar and place them to the right bar. The person
must build the tower on the right by following the three
rules: only one disk can be moved at a time, a disk may
not be placed on the table or held in the hand while
another disk was being removed, a larger disk may not
be placed on top of smaller disks (5). The mobile versi-
on of the puzzle has been used in this study.

For statistical analysis, SPSS 23.0.0.0 was used. The
Kolmogorov-Smirnov test was used to check whether
the variables distributed normally or non-normal-
ly. T-test was used for parametric variables whereas
Mann-Whitney U test was used for non-parametric va-
riables. Wilcoxon signed-rank test was used for evalu-
ating the difference within the groups. The Chi-Square
test was used for categorical descriptive data. Categori-
cal variables were expressed as numbers and percenta-
ges. Normally distributed variables were summarized
as mean and standard deviation, while non-normally
distributed variables were summarized as median and
interquartile range. In all statistical analyses, the signi-
ficance level was determined as 0.05.

RESULTS

In this prospective study, the Tower of Hanoi test
was performed on 83 residents and they were later divi-
ded into two groups; residents working on a night shift
(n=40) and residents on their regular working hours
(n=43). All steps in the puzzle and questionnaire were
completed precisely. The total group was composed
of 36 (43.4 %) female and 47 (56.6 %) male residents.
The mean age of all participants was 27.9 + 2.39 years.
Comprehensive demographic data of the population
can be observed in Table 1. Statistically significant dif-
ference was found in the smoking rate, and sleep time
between groups (p=0.001).

Evaluation of the number of moves given by the
digital Tower of Hanoi puzzle application and manu-
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Table 1: Distribution of the residents according to their descriptive characteristics.

Nioht shifts Regular workin
8 it gy g P value
(n=40) (n=43)
Age (years) 27.83x2.1 28.05x2.6 0.952
Female 14(35%) 22(51.2%)
: 0136
Gender () Male 26(65%) 21(48.8%)
Smoking ves 2 ’ 0.001
moking (n) No 18 24 :
Yes 33 39
26y
Coffee (n of cups) No - p 0.26
Sleep time (hours) 4.88+1.42 6.62+1.45 0.001
Surgical 27 7
0.150
Department (n) Modical 5 5 5
Right 38 39
. ' : 0.677
Hand dominance (n) Left 5 P

As descriptive statistics, quantitative data are expressed as mean + standard deviation and qualitative data are

expressed as numbers (percentages).

Table 2: Evaluation of moves and completion time.

Night shifts ~ Regular working

P val
(n= 40) (n=43) vetue
, I+ 66 (44)* 69 (35)** 0.128
Moesimedinn (I0R)) o, 70 (57)* 73 (44)** 0.538
Completion time, sec * 153 (186)*** 164 (197)** 0.307
(median (IQR)) ond 1425 (93)** 142 (126) *** 0.841

*p=0.551: the difference between night shift groups in 1st and 2nd day.
**p=0.983: the difference between regular working groups in 1st and 2nd day.

***p=0.501: the difference between night shift groups in 1st and 2nd day.
xp=0.091: the difference between regular working groups in 1st and 2nd day.

Data are presented as median (interquartile range).



ally recorded completion time are presented in Table
2. Both of the groups, working with shifts and with re-
gular hours, finished the puzzle with more moves on
their second day of trial (p=0.551, and p=0.983, respec-
tively). On the contrary, completion time records show
a decrease on the second day of trial. Although there
was no significant difference, residents working with
shifts solved the puzzle with fewer moves on both of
the days, and their completion time was also shorter on
the first day of trial (p=0.128, p=0.583, and p=0.307,
respectively).

DISCUSSION

Night shifts, especially in a demanding area like
medicine, can be detrimental to physiological and ps-
ychological health. Healthcare professionals™ attention
and level of sleepiness may vary after shifts due to the-
ir working conditions. According to the literature, the
Tower of Hanoi puzzle can be helpful to evaluate exe-
cutive function which is of vital importance for doctors
(5, 6). Their anticipation and problem-solving abilities
were tested through the puzzle. Residents working with
night shifts made fewer moves than residents working
with regular hours. However, residents working with
night shifts completed the task with more moves com-
pared to their first trial when the test was performed
after their night shifts. Residents who were working in
regular hours also completed the task with more mo-
ves in their second trial. Besides, the completion time
scores of both groups were quite close even though re-
sidents working with night shifts had a lesser time of
sleep. This may be explained by a study conducted on
mammals by Reser (7), stating that living in a stress-
ful environment can cause changes in the body, notab-
ly in the neuroendocrine system. Humans and other
mammals need to be more time-intensive and quick on
information processing while under stress. This basic
struggle for survival can be observed among residents.
Poulton et al. (8) claimed that the lack of sleep and wor-
king conditions can cause stress, but it is not valid for
every doctor.

The data obtained from this study shows that resi-
dents working with night shifts and residents working
with regular hours completed the puzzle with more
moves on their second day. However, Goel et al. (9) cla-
imed that the Tower of Hanoi puzzle does not require
planning abilities, therefore figuring out the trick of
the puzzle is sufficient to complete the task. Both of the
groups played and understood how to solve the puzzle
on their first trial. On the second day of the study, two
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of the groups completed the puzzle with more moves.
This data suggests that knowing how to solve the puzzle
cannot be enough by itself, some external or internal
factors may affect the results.

In our study, mean sleep time while working with a
night shift was 4.88+1.42 hours, whereas the sleep time
while working with regular hours was 6.62+1.45 hours
for residents. Giilser et al. (4) confirms that restless legs
syndrome which disrupts the circadian rhythm and ni-
ght shift related sleep disorders can be seen among the
health care workers. Our study does not include any
scale to identify sleep disorders, but our results show
a deficiency of sleep among the residents with night
shifts. According to the literature, lack of sleep can ca-
use stress which could increase vigilance, also lead to
minor mistakes, tiredness, impaired decision-making,
and poor performance on tasks (3, 7, 10, 11). In our
study, the residents working on a night shift had fewer
hours of sleep, and this situation might have affected
the performance in a positive way which may be rele-
vant to the stress caused by working conditions.

In addition to total sleep time, the smoking rate was
also high among the residents with night shifts. Sleep
time and smoking were confounding variables that may
affect the number of moves and the completion time of
the puzzle. According to the literature, nicotine influen-
ces the human brain in many ways including developed
cognitive productivity, attention and memory in acute
use (12). This cognitive development might lead the re-
sidents to solve the puzzle with fewer moves and time
because of their accelerated information processing.
Getting less sleep during the night shifts may be associ-
ated with not only the working conditions but also with
smoking since nicotine alerts the brain in sensorial and
motor aspects (12, 13). Although there was no signifi-
cant difference found in regard to the residents’ coftee
consumption between the groups, caffeine may reduce
reaction time and enhance performance. Buchvold et
al. (14) states that on night shift duties, consumption
of caffeine increases because of its stimulant effect. Our
findings must be interpreted with caution because the
number of cigarettes and the amount of coffee consu-
med daily were not included in the study. The amount
of nicotine per cigarette varies for each brand. In ad-
dition, the amount of caffeine also varies regarding
the cup size and coffee type. Amount and half-life of
caffeine may affect attention span, therefore recording
the time of the last coffee intake is recommended in
future studies (13). According to the previous studies,
although both caffeine and smoking have an impact on
mental alertness, the effect that smoking has on cogni-
tive skills should be evaluated with pre/post and acute/



chronic categories (12, 13). While acute smoking inc-
reases cognitive skills, long-term smoking is related to
cognitive impairment (12).

The residents were chosen from two different de-
partments: internal medicine and surgery. Within the
groups, there was no significant difference in the num-
ber of residents between internal medicine physicians
and surgeons. This data suggests that internal medicine
physicians and surgeons might be distributed random-
ly in both of the groups. Wilkinson et al. (10) suggested
that specialties with longer working hours are the ones
who admitted low efficiency, but there was no distinc-
tive analysis to compare surgery to internal medicine in
our study.

In this study, there was no significant difference
found in hand dominance between the night shift and
regular working groups. Previous studies show that do-
minant hand preference affects attention (14,15). The
relation of attention and right hemisphere dominance
was shown by Weintraub et al. (15). A study conduc-
ted on the left and right-handed subjects by Chaudhary
et al. (16) confirms that cognitive skills are related to
hand dominance. The performances on attention and
memory were found to be better in left-handed sub-
jects (16). In our study, there were 2 left-handed sub-
jects within residents working with night shifts and
4 left-handed subjects within residents working with
regular hours. Since there were not many left-handed
subjects involved in our study, it can be hard to estab-
lish extensive conclusions that evaluate the effect of
hand dominance on the Tower of Hanoi performance.
Additionally, we encourage conducting future studies
that include one group of residents that are asked to
solve the puzzle with their non-dominant hands, and
another group of residents that are asked to solve the
puzzle with their dominant hands. This selective use of
hands may reveal varied results.

The Tower of Hanoi puzzle can determine whether
a resident can solve problems quickly and if he/she has
an advanced memory (17). There was no significant
difference in the number of moves for the first and se-
cond days of residents working with night shifts and re-
sidents working with regular hours for both of the days.
Both of the groups performed better on their first day
of solving the puzzle which suggests that knowing how
to solve the puzzle might not contribute to the subjects’
performances on their second time of solving the puzz-
le. On the contrary, we found that the completion time
was shorter when they performed the test for the se-
cond time. Residents working with night shifts comp-
leted the puzzle in 153 seconds on their first day and
in 142.5 seconds on their second day. Residents wor-

king with regular hours completed the puzzle in 164
and 142 seconds on their first and second day, respec-
tively. However, the difference between the completion
times was not statistically significant. The stress factor
or conditioning for doing no mistake in residents wor-
king with night shifts might be the reason for shorter
completion time on the first day of the test. Completi-
on time has shortened for both of the groups on the se-
cond day of the test. The completion time decreased by
11.5 seconds for the residents working with night shifts
and 22 seconds for the residents working with regular
hours. The reason behind a shorter completion time
within the residents working with regular hours may
be attributed to the difference in their sleeping hours.
A smaller decrease in completion time was seen among
the residents with night shifts which might be due to
the elimination of the stress factor after finishing their
night shift duty.

This study does not provide information about the
impact of medications, and medical history on atten-
tion and sleepiness levels. Since the questionnaire was
conducted participants' in their working space during
office hours, they were not willing to answer personal
and time-requiring questions, therefore we could not
obtain enough data to analyze them. The subjects were
chosen from the departments of surgery and internal
medicine, but out of all residents, four of them were
working on a shift in a different field rather than their
expertise. Working in a different department and ta-
king responsibility during the shifts may increase their
level of stress which by implication can change the re-
sults. With more subjects, future studies evaluating the
presented case are needed. Further studies with more
subjects to determine if the Tower of Hanoi puzzle is
reliable on measuring problem-solving speed on repe-
titive tests are recommended.

As a conclusion, smoking and duration of sleep
were found to be different between the residents with
night shifts and residents with regular working hours.
This difference may have an impact on the number of
moves and the time of completion. Even though resi-
dents working with night shifts did not perform worse
than residents working with regular hours, the effects
of night shifts on cognitive skills such as attention and
executive function cannot be underestimated. Being
exposed to stress during the night shift can decrease
reaction time for problem-solving but further extensi-
ve studies are needed.
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