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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: The ability to distinguish left from right has 

been shown to vary substantially within healthy individuals, yet 
its characteristics and mechanisms are poorly understood.

Aim: The study was designed in an effort to spot the extents 
of left-right confusion (LRC) among medical students in Mutah 
university and to investigate the relationship between LRC and 
multiple health and socioeconomic variables.

Methods: Analytic cross section study was performed. 
Database gathered by google sheet in order to introduce them 
to software (starting form 12th - October / 2021 ended in 
15/1/2022). Before analysis, survey was checked for missing 
data, statistically analysed by SPSS version 25.

Results: The prevalence in our sample was slightly lower than 
the prevalence reported in prior research, which was 14.7%, 
and this may be attributed to medical students' greater level 
of education and overall understanding when compared to the 
general population.

Conclusions: It was found that there is a statistically significant 
link between gender, communication issues, and ADHD. The 
challenge now is where we go from here; since the relationship 
we discovered between ADHD and left-right confusion is 
novel, we need to carry further research to establish this unique 
association more solidly.

Key words. Left right confusion, Al-Karak, prevalence, 
Mutah university, Medical student, Gender.
Introduction.

The ability to distinguish between left and right, known as 
left–right discrimination (LRD) is critical in everyday life. 
It is important to be able to distinguish left from right while 
following directions to an unknown location or operating on a 
patient's knee. It is acceptable to presume that most people have 
acquired such a necessary skill during childhood, but recent 
research indicated that it differs significantly within healthy 
individuals and this phenomenon of confusing left and right is 
widely spread [1]. Surprisingly little is known about the features 
of this phenomenon and the underlying process involved in 
differentiating between left and right. There are just a few 
papers on this sort of spatial processing accessible.

There are two types of LRD: egocentric and allocentric 
[2]. The ability to distinguish left from right from one's own 
perspective with usual orientations is known as egocentric LRD. 
Allocentric LRD is claimed to be an association of egocentric 
LRD with mental rotation and is employed for uncommon 
orientations or for other people's bodies. The Bergen Left–
Right Discrimination Test (BLRDT) was utilized in this 

study to investigate allocentric LRD [3]. Different measures 
can be used to examine left–right discrimination. Older 
research frequently relied solely on self-report questionnaires 
(questions on subjective LRD performance in daily life) [4]. 
In recent research, behavioral tasks such as Bergen left-right 
discrimination test (BLRDT) have been utilized instead of 
self-report, or self-report questionnaires have been combined 
with behavioral tasks [5]. Several characteristics, including 
sex, handedness, and education, were identified as contributors 
explaining LRD variability in those investigations.

After evaluating his own very selective issues in this area, 
Wolf (1973) was the first to quantify left-right confusion [6]. 
According to a brief survey of 790 doctors and their spouses, 
17.5 percent of women and 8.8 percent of men had "often" 
difficulty distinguishing between the left and right sides [6]. 
Then, in their study, Harris and Gitterman (1978) incorporated 
both gender and hand variables [7]. The researchers discovered 
that 44.7 percent of women and 15.8 percent of men have trouble 
rapidly recognizing the left and right sides among 364 university 
professors. They also discovered that the difficulty was greater 
for left-handers, particularly women [7]. These gender and 
handedness effects have been confirmed in successive studies 
[8] but the effect of gender has been shown to be age-modulated 
and sex difference has either not been found or not been reported 
in older adults in the study by Often and Hugdahl with a wider 
age range [3]. 

Women are more prone to left–right confusion compared 
with men and showing elevated rates either in accuracy 
or response speed [5,9,10]. On the other hands, women's 
reported performance is inconsistently correlated with their 
actual behavioural task performance [11] despite some studies 
reported a moderate correlation [12,13] and others reported 
no correlation [5,14]. Women's lower self-report ratings may 
be due to their compliance with sex stereotypes [5]. When 
behavioral tasks involve analyses, some research reveal sex 
differences [3,15]. However, other investigators have found 
no such differences [16]. As a result, the impact of gender on 
left–right discrimination remains an open question, with one 
possible explanation being that sex interacts with other variables 
like handedness.

Regarding handedness, it has been found that right-handers 
reported fewer difficulties compared to left-handers in LRD 
[4]. Moreover, left-handed men performed better than right-
handed men on the BLRDT [17]. However, other studies 
found no noticeable effect of handedness [18]. It should be 
emphasized that left-hander’s ratio did not reached greater than 
15% in any reported study. Furthermore, most researches are 
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to cause Atypical left-right balance of visuo-motor awareness in 
adult ADHD (combined type). These things seem to affect LRD 
also as mentioned in previous literature [27,28]. 

Furthermore, given the lack of consensus on what processes 
may drive LRC, recent research sought to include a question 
on strategy usage. An informal pilot questionnaire demonstrated 
that people may utilize numerous similar ways to pick between 
left and right. Such approaches may aid in determining if 
LRD is based on body position, verbal labelling, or basic 
perception. Furthermore, they investigated if certain techniques 
are associated to subjective LRD; they investigated whether 
specific methods were linked to greater or poorer performance 
evaluations. Including strategy use as an extra issue was 
beneficial; there was a distinct separation between those who 
used their body, notably their hands, to decide on left and right 
and those who did not [1]. The great majority of individuals 
who did not utilize their body said that they did not apply any 
overt method and "simply knew" left from right. The use of 
hands to differentiate left from right underlines the relevance 
of spatial body characteristics in LRD. However, this impact 
appears to be restricted to 42.9% of individuals. Those who did 
not use their hand evaluated their LRD skill significantly higher 
than those who did. It is probable that LRI is more internalized 
and automatic for those persons, and that relying on hand cues 
is more common in those who are inherently less clear about 
left and right [1].

In addition to the relationship between verbal labelling or 
lower level perception with LRD, there could be an association 
between horizontal body-centered orientation and LRD in the 
context of using the body in navigating left-right decisions. 
Gold et al. (1995) proposed that LRD is a defect in horizontal 
body-centered orientation and the authors offer a model in 
which such body-centered spatial orientation is represented by 
horizontal, vertical, and radial representation systems which 
explains the selectivity of the left–right identification (LRI) 
problem [29]. The evidence that LRD comes from a defect in 
body or its internal characteristics and not from external are 
rapidly increasing as it confirmed by Vingerhoets and Sarrechia 
(2009) who documented that body symmetry is linked to 
the ability to distinguish between left and right [19]. They 
discovered that having a stronger physiological asymmetry as 
evaluated by handedness, grip strength, and tactile sensitivity, is 
connected to having less left-right issues [19]. Moreover, recent 
research stated that the process appears to rely on a stored body 
representation rather than bottom-up sensory information and 
so as a result, even when this is not explicitly part of the job, 
they believe a top-down body representation is the main process 
in identifying left and right. In addition, the performance is 
enhanced when there is an external stimulus, in particular with 
a hand-related strategy [1].

Right-left confusion in medical practice may lead to iatrogenic 
mishaps and thus can be of serious concern with respect to the 
patient care. Hence, the purpose of this study was to assess the 
right-left discrimination (RLD) ability among medical students 
with the intention to investigate and introduce a new aspects 
that have never been studied before including life style factors, 
various disorders, childhood experiences and role of individual 

based exclusively on self-reports which have been shown to be 
inaccurate [5]. In the study that used an approximately balanced 
sample of left and right-handed persons, it was discovered that 
left-handers (41%) have the advantage both in detecting left 
hands and validating “left” propositions [11]. Additionally, 
Vingerhoets and Sarrechia (2009) found that handedness had 
no effect on performance on its own, but that greater manual 
preference strength and asymmetry were associated to higher 
performance [19].

Since the dawn of this issue, it was suggested that LRD is a 
developmental skill [9]. It wasn't until 2002, when Ofte and 
Hugdahl found the cognitive abilities component that it became 
well known. they stated that LRD performance is lowest (12%) 
among children under the age of eight. Performance was better 
(40%) in adolescents (12–13 years old) and older adults. Young 
adults (18–22) outperformed all other categories (60 %) by a 
substantial margin [3]. Furthermore, LRD performance in 
older individuals appears to follow the same downward pattern 
as spatial cognitive ability declined in elderly people [20]. 
As a result, it has been discovered that a student's academic 
curriculum has an impact on their left–right discriminating 
performance with medical students outperforming law and 
psychology students [21]. The fact that medical students are 
better at LRD and have better spatial abilities supports the theory 
that LRD and spatial cognitive ability are linked. Furthermore, 
medical students aspiring to be surgeons scored higher on the 
LRD than those aspiring to be general practitioners or medical 
physicians [22]. It was suggested that this improvement was due 
to future surgeons' more frequent use of spatial abilities than 
other medical students. Studies proposed that one component 
of LRD is visuo-spatial ability [23,24] but research failed 
to show a link between LRD and performance on a Mental 
Rotations Test or a navigation task in a 3D virtual maze [5,15]. 
Therefore, the nature of the visuo-spatial skills associated with 
good performance in LRD remains unknown. Additionally, 
as an attribution of words to RLD concept, regardless of sex, 
a negative association of LRD response time with visuo-
spatial and verbal long-term memory was discovered, offering 
fresh insights into the link between cognitive skills and LRD 
performance [25]. Recent insights into the suggested cognitive 
mechanisms underlying right-left confusion were discussed by 
Tagami and Imaizumiin in their recently published paper. The 
authors proposed that it could be classified into visuo- verbal 
and verbo-visual processes and mental rotation based on a self-
reported measure although their psychometric and behavioral 
indices might be distinct as they cross react with other factors 
such as cortical lateralization, handedness, and sex [23]. These 
relations need to be studied broader alongside the whole aspect 
of the mechanism of right-left confusion including visuo-verbal 
and verbo-visual processes and mental rotation [26]. From the 
previous point, we hypothesized that the disorders affect these 
pathways might affect the LRC rate and Attention-deficit/
hyperactivity disorder (ADHD) was chosen with a number of 
diseases. Studies showed that ADHD is associated with weaker 
function and structure of prefrontal cortex (PFC) circuits, 
especially in the right hemisphere and it affects sound intensity 
response, showed a significant effect of handedness, and seems 
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differences and personality traits to unravel the relationships 
with RLC. Moreover, we explored whether such interactions 
could also affect performances in left–right discrimination using 
objective and subjective tests, and in the first place to assess 
the prevalence among this interesting and highly educated 
population and make a solid ground for further research.
Aims.
1. To determine medical students' self-awareness and ability 

to discriminate right from left; to identify characteristics 
associated with this ability and to identify any techniques and 
strategies used to aid discrimination. 

2. To identify the prevalence of RLC among medical students 
in Mutah university. 

3. To detect the relation between RLC and sociodemographic, 
and medical characteristics of the medical students.

4. To investigate the correlation between RLC and lifestyle 
factors and chronic intake of certain medications.

5. To find a correlation between RLC and various disorders) 
learning disabilities, ADHD, chronic diseases).

Subjects and Methods.
The cross-sectional study was conducted at Mutah University 

in Al-Karak governorate in southern Jordan, from October 2022 
to March 2023. After approval from the institutional ethics 
review committee, the sample was raised from among Jordanian 
undergraduate medical students aged 17 years and above. A total 
of 636 medical students enrolled at Mutah university (female 
(N=358, 56.3%) and male (N=278, 43.7%) were recruited to 
participate in the current study using online-Google form self-
questionnaire. The participants were categorized into 6 groups 
as follows: first year medical students (N= 179, 28.1%), second 
year medical students (N= 121, 19.0%), third year medical 
students (N= 132, 20.75 %), fourth year medical students (N= 
57, 8.96%) , fifth year medical students (N= 92, 14.4%) and 
sixth year medical students (N= 55, 8.64%) . The age of the 
participants ranges between (17 – 24) years old with the mean 
age was (20.08) years old for female and (20.28) years old for 
male. The students further classified into 61 left-handed, 551 
right-handed and 24 right/left-handed. After taking informed 
consent, data was collected using the online-self questionnaire 
and analysed using SPSS software (version 25). The p-values 
were considered statistically significant at *p < 0.05. 
Results.

Our sample size was 636 medical students, with a mean age 
of 20.17 years old. Table (1) categorized the sample according 
to gender, study level and residence district. On the other hand, 
Table 2 shows the frequencies of each response option per 
question. It was found that 428 students (67.3%) answered very 
fast compared to 12 students (1.9%) who needed more than 4 
second to answer. However, data showed that approximately 
one third of the students required 2-4 second (30.8%) as a 
response time.

Table 1. Shows a gender split of participants. 56.3% were 
female (358/636) and 43.7% were male (278/636). Students 
in the basic years (first to third) participated at a higher rate 
than students in the clinical years (fourth to sixth) and most 
participants were first year medical students.

Sample size 636 participants out of 2519 students (25%)

Gender Females: 358 participants (56.3%)
Males: 278 participants (43.7%)

Year of study Basic years 67.9% 
Clinical years 32.1% 

Area of living

Amman 31.1% 
Karak 30.3% 
Irbid 11% 
Other governorates 27.6%

Table 1. Shows a gender split of participants.

Left-right 
confusion Total
Yes No

Time 
needed to 
distinguish

Very fast
(less than 2 
sec.)

Count 13 415 428
% Within have 
confusion 21.3% 72.2% 67.3%

Average
(2-4 sec.)

Count 41 155 196
% Within have 
confusion 67.2% 27.0% 30.8%

Slow
(more than 
4 sec.)

Count 7 5 12
% Within have 
confusion 11.5% 0.9% 1.9%

Total
Count 61 575 636

% Within have 
confusion 100% 100% 100.00%

Table 2. Shows the frequencies of each response option per question.

Figure 1. Shows the percentage of medical years and LRC.

Figure 2. Shows that 86.6% of our sample is right-handed and 8.9% 
of them reported having confusion, while 9.6% of participants are 
left-handed and 16.4% of them have Left-right confusion, even the 
prevalence is higher among left-handed individuals, but the increase 
was statistically insignificant.
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The methods used by the participants to distinguish between 
left and right varied. The most common method was raising 
the dominant hand (46.8%), while 37.4% of participants know 
without any method and 9% move their eye towards the direction 
as depicted in Figure 3.

Figure 3: Methods for left-right differentiation.

Figure 2 Shows that 86.6% of our sample is right-handed 
and 8.9% of them reported having confusion, while 9.6% of 
participants are left-handed and 16.4% of them have Left-right 
confusion, even the prevalence is higher among left-handed 
individuals, but the increase was statistically insignificant.

In the present study it was found that (6.6%) of participants with 
confusion are taking insulin (anti-diabetic drug) (p value<0.001), 
and (6.6%) of them take hypnotics (p value=0.048), so there 
is a highly significant association between drugs and left right 
confusion. However, we did not find any relation between LRC 
and smoking (Figure 1). Moreover, 34.4% of LRC participants 
reported having difficulty communicating with others (p value 
0.001), and the person having anxiety when asked to distinguish 
between right and left the rate of LRC increased (95.1). It was 
also found that there is a significant association between being 
diagnosed with ADHD and having left-right confusion, as the 
prevalence of ADHD in the whole sample was 1.7% while the 
percentage among students who have confusion was 8.2%, the 
(p-value <0.001) which is highly significant.

Furthermore, 27.9% of participants who have LRC were 
academically affected by having LRC, especially regarding 
anatomy and radiology courses as these subjects require the 
allocentric type of discrimination which is a harder skill.
Discussion.

Overall, our findings mostly align with previous literature 
regarding LRC with some novel findings that can be further 
investigated in the future. Firstly, concerning gender, we found 
a significant association between the female gender and LRC 
which is in accordance with multiple studies [11,14,30]. As 

for handedness, our study found that Left-handed students 
experience LRC more than right-handed individuals, which 
does not align with the study on medical students in Ireland 
[28]. However, the relation that the current study found between 
LRC, and left-handedness was statistically insignificant and 
the total number of left-handed students in our sample was not 
high enough to suggest a strong link between the two factors. 
However, the absence of the link between handedness and LRC 
is supported by previous literature [13,16,18,22].

Most importantly, a statistically significant finding was found 
between students formally diagnosed with ADHD and LRC. 
After an extensive literature search, we can confidently say that 
this link is novel and has not been explored in any other study 
concerning LRC. Nevertheless, there are a few factors that must 
be accounted for to establish the link more strongly between 
LRC and ADHD, the first being that our study relied on a self-
reporting questionnaire, so future research investigating this 
link should rely more on an objective measure of LRC like the 
Bergen left-right discrimination test (BLRDT) [12]. Moreover, 
the number of formally diagnosed ADHD patients in our 
sample is low, so a larger sample of ADHD patients is needed 
to investigate the link in a better way.

As it pertains to the population of the study being medical 
students, we tried to investigate existence of relation between 
LRC and the desired future specialty, and unlike previous 
studies investigating this link [22,31,32], our study showed 
an insignificant association between LRC and the future 
desired specialty. Furthermore, since medical school involves 
the skill of left-right discrimination, one of the items on the 
questionnaire explored the academic effect of having LRC on 
the students, and a significant number of students reported being 
negatively impacted by LRC on studying subjects like anatomy 
and radiology. Interestingly, these two subjects mostly require 
allocentric left-right discrimination which is harder to master 
[22] so the negative effect of LRC on students’ performance 
in anatomy and radiology is justifiable. Altogether, with the 
help of the large sample size that participated in the study, we 
were able to effectively reach the aim of the study of finding 
the prevalence of LRC and its associated factors. We hope our 
study opens the door for future studies using more objective 
measurements and focused investigations.
Conclusion.

The prevalence in our sample was slightly lower than the 
prevalence reported in prior research, which was 14.7%, and this 
may be attributed to medical students' greater level of education 
and overall understanding when compared to the general 
population. In addition to that, we discovered a statistically 
significant link between gender, communication issues, and 
ADHD. The challenge now is where we go from here; since 
the relationship we discovered between ADHD and left-right 
confusion is novel, we need to carry further research to establish 
this unique association more solidly.
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