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Abstract 

  This study investigated differences in performance on two spatial tasks 

between left and right-handed groups. It was predicted there would be a 

relationship between self-efficacy and scores on spatial tasks. Gender differences 

were examined. In an Internet study, mixed between participants and 

correlational design, 26 left-handed and 21 right-handed participants completed 

a spatial orientation task, a mental rotation test, a handedness questionnaire and 

a self-efficacy scale. The analyses showed significant gender differences in the 

spatial orientation task, males showed lower error rates. It is proposed; females 

may have lacked opportunities to develop different cognitive strategies for 

spatial problem solving.  No significant differences were found between 

handedness groups. Sub-classification of handedness is suggested for future 

research, variability in spatial ability may be detected if participants are 

identified on a spectrum of handedness. No relationship was found between self-

efficacy and scores in spatial tasks. Suggests, a technology rich society fosters 

self-efficacy in spatial ability.   
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Introduction 

Aristotle described the human hand as the instrument that represents 

many instruments. The majority of human beings use their right hand almost 

exclusively for writing and other skilled activities. Human dextrality predates 

Paleolithic times and many cultures and religions have linked the right with 

good, warm, bright and male and contrast it negatively with the left, cold, dark 

and female (Bradshaw & Nettleton, 1983). Handedness is due entirely to the 

brain that controls its movements. Hand specialization improves efficiency, and 

so hand preference confers advantage (McManus, 2003). The aim of this study is 

to investigate if having a left-hand preference is an advantage in spatial activities. 

This study will also review the well-documented male advantage in spatial 

ability, and seek to understand and analyze reasons for this advantage. 

Spatial ability is the capacity to understand and remember the spatial 

relations among objects. This ability is defined as a type of intelligence. Spatial 

ability can further be divided into sub skills. Spatial visualization is the ability to 

recognize, transform and recall visual representations and to imagine 

movements or displacement of these representations, as in mental rotation. 

Spatial orientation is the ability to think of spatial relationships between the 

observer’s own body and the object. These skills are important for solving tasks 

in everyday life, for instance using a map, parking a car or packing boxes. Spatial 

ability is also associated with success in certain fields of study, for example 

mathematics, engineering, natural sciences, meteorology and architecture (John 

Hopkins, n.d.). How information is encoded when the task involves the mental 
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manipulation of an object and its parts or the relationship of one object to 

another object is defined as allocentric. Information encoded when the task 

involves a self to object representation where the objects location in space is 

relative to a person’s body axes i.e. left-right, up-down, and back-front, is defined 

as egocentric (Kozhevnikov, 2010).  

Spatial Ability and Cerebral Asymmetry 

The human brains’ structure is believed to reflect its mental organization. 

The cerebrum is the dominant part of the brain and is divided into left and right 

hemispheres, which are linked by a bridge of nerve fibers called the corpus 

callosum. The corpus callosum allows information to be exchanged between left 

and right hemispheres. It is accepted that there are major differences in function 

between left and right hemispheres. This differentiation of function is defined as 

hemispheric lateralization (Klein &Thorne, 2006). The left hemisphere is known 

to be lateralized for language and in controlling movement on the right side of 

the body; the right hemisphere is lateralized for visual-spatial abilities and 

controlling movement on the left side of the body (Klein &Thorne, 2006).In blind 

and sighted people who read Braille, [Braille patterns are spatial configurations 

of dots] it has been observed that they do so faster with their left hand. This 

suggests that the right hemisphere, which controls the left hand, processes 

spatial information more efficiently (Kolb & Whinshaw, 2009). 

It has been proposed that lateralization may have evolved to allow 

parallel processing of information by the hemispheres, enabling sharing of 

processed information. (Klein & Thorne, 2006).  
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Handedness: A Variation in Cerebral Asymmetry 

Handedness is defined as the tendency to use either the right or left hand 

more naturally than the other (Oxford Dictionary, 2014). The majority of human 

beings use their right hand for writing and other skilled activities. Cross-cultural 

studies report on average the incidence of right-handedness at 90% (Springer & 

Deutsch, 1989). Left-handers, the minority, are frequently referred to as 

“sinistrals”.  Historically, left-handedness was considered negative in many 

cultures. In many different languages the terms for left-handed had a derogatory 

meaning, ranging from awkward, clumsy to deceitful and evil. In medieval 

Europe, left-handedness was strongly oppressed, as it was believed that left-

handers were servants of the devil. In the early 1900’s an Italian criminologist 

Cesare Lombroso, claimed to have observed that prisons were full of left-

handers. He speculated that criminals, unlike normal people, used their right 

hemisphere to think, which leads to abnormal or crooked behavior (Bradshaw & 

Nettleton, 1983). Prejudices continued into the 1950s, Abram Brau, an American 

psychoanalyst suggested that being left handed was a sign of perversity and 

emotional negativism. In the 1970s,Spain, Italy and Yugoslavia and other soviet 

bloc countries made right hand writing compulsory in schools and in Albania 

being left- handed was made illegal (Mastlin, 2012). Modern day western society 

has become more tolerant of left-handedness. It has been accepted that 

handedness has biological origins and may be related to the distribution of 

functions between left and right brain hemispheres (Springer & Deutch, 1989). 

Variability in lateralization associated with left-handedness, complicates 

straightforward interpretations of human cortical functioning. In the 
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estimated10% of the population that is left-handed, their dominant hand is 

controlled by the right hemisphere not the left hemisphere but left-handers are 

not the mirror image of right-handers. In a major study, 95% of right-handed 

people and 70% of left-handed people showed left-hemisphere dominance for 

language. The remaining population of left-handed people showed an equal spilt 

between mixed and right hemisphere dominance for language (Klein & Thorne, 

2006). Damage to either hemisphere has been shown to impair language in left-

handers, while damage to the right hemisphere in right-handers shows no effect 

on language ability. This finding suggests partial control of both hemispheres in 

most left-handers (Klein & Thorne, 2006). Post mortem studies that paid close 

attention to the size of the corpus callosum in people known to be left or right 

handed, found that the cross-sectional area was 11% greater in left-handed 

people than right-handed people. This finding implies that there is greater 

interaction between the hemispheres in left-handers (Kolb & Whinshaw, 2009) 

and supports the suggestion that most left-handers have greater control over 

both hemispheres. Several theories have been suggested to account for hand 

preference or more specifically left –handedness. These theories range from 

environmental to hormonal and genetic. 

Theories of Handedness 

Environmental reinforcement: This theory states that handedness is 

developed by a bias in the environment. The world in which a child develops is 

right-handed, which reinforces the use of that hand. As mentioned, children in 

many countries were forced to write with the right hand. This theory emphasizes 

the importance of environmental factors, but does not account for biological 
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factors such as cerebral variations associated with left- handedness (Kolb & 

Whinshaw, 2009). 

Theory of Cerebral Lateralization (Geschwind & Galaburda, 1987): This 

theory suggests that right-handed children have developed normally and they 

exhibit the normal leftward lateralization in language. Left-handed children in 

contrast, have suffered complications, which resulted in abnormal cerebral 

organization. It was proposed that fetal testosterone slowed normal 

development in the left hemisphere, and modified cerebral lateralization, 

disrupted language development and impaired immune function (McManus & 

Bryden, 1991). This theory generated lots of research, the bulk of which did not 

support the hypothesis. For example, the handedness of children whose mothers 

had undergone amniocentesis during pregnancy were examined, which allowed 

levels of testosterone to be measured. It was found that higher testosterone 

levels did not result in increased left-handedness (Kolb & Whinshaw, 2009).  

The Right Shift Theory (Annett, 1972):  This theory proposes a genetic 

model of handedness. It is hypothesized that there is no gene for handedness, 

right or left, but that there is a gene for the development of language in the left 

hemisphere, which may result in greater skill in the right hand, which creates a 

right shift. In some individuals, the right shift gene is presumed absent, in this 

case, a person may have speech lateralized in either the left or right hemisphere 

and may be left or right handed (Springer & Deutch, 1989).  The absence of 

systematic bias either way suggests that environmental factors would determine 

the direction of laterality and subsequent hand use in the person. Annett points 

out that many people prefer to use different hands for different skills. She 
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investigated hands preferences for several actions, in samples of children, 

service recruits and undergraduates and found that patterns were consistent in 

each of the samples. 3-4% were consistently left-handed, 25-33% had mixed- 

handedness and 60-70% were consistent right-handers. She suggests the puzzle 

of cerebral variations lie in the classification of those of mixed handedness and 

their hypothesized missing right shift (Annett, 1998).  

The Theory of Random Cerebral Variation (McManus, 2003): McManus 

considers the evolution of handedness, and proposes that a gene named D 

[Dextral] developed for right-handedness and left lateralization for language and 

changed the brains’ microarchitecture making it work faster with more useful 

connections. He speculates that the D gene created a mutated variation named C 

[chance] that maintained the same timing advantage but managed to do so 

without language and manual dexterity being forced into the left hemisphere. He 

posits that both D and C genes exist in the population.  According to the theory, 

the DD genotype produces only right-handers, the CC genotype produces a 

random mix of 50% right and 50% left handed people. The DC genotype 

produces a random mix 25% of left-handers and 75% of right-handers. 

Handedness is not inherited as such, but is determined by chance He suggests 

that those in the population with a DC genotype may have a heterozygote 

advantage over those with either DD or CC genotypes (McManus, 2003). The 

advantage of a having a C allele is its ability to confer randomness on the 

organization of the brain. He believes randomness, at least in small amounts, can 

benefit complex systems. For McManus, having a variation in brain organization 

may produce some brains that are better suited to carry out particular complex 
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tasks. His theory is a celebration of variation and difference rather than a 

suggestion of pathology or absence (McManus, 2003).  

The question of interest for this study is, do left-handed people have an 

advantage in spatial ability.Does the variation in brain organization associated 

with left-handedness lead to more efficient processing of spatial information. 

Perhaps having motor control of the dominant hand in the right hemisphere, 

close to areas associated with the processing of spatial information and 

attention, lead to the ability to transform and rotate objects faster and more 

accurately? Left-handers live in world designed for right-handed utility, which 

means that left-handers must adapt to and understand a right-handed 

perspective. Subsequently, left-handers may develop an awareness of how their 

world is spatially organized from an early age. Left-handers may have a greater 

understanding of how left, and right relationships change as objects or self, move 

and rotate (McManus, 2003).A distinction is made in cognitive literature 

between egocentric and allocentric frames of reference in spatial processing. It 

suggests that allocentric and egocentric abilities may work independently in the 

brain (Kozhevnikov, 2010).  Allocentric processing provides the observer with 

an awareness of objects and their relationship to other objects. Egocentric 

processing provides the actor with the information required to perform motor 

actions towards these objects. Understanding differences in how spatial 

information is processed allows the investigator to define and further 

understand the differences between left-handed and right-handed groups. This 

type of understanding may have benefits in the training and education of the left-

handed child. 
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     Little research exists on spatial ability and handedness.  In most 

research investigating spatial ability, handedness is controlled for, which means 

the exclusion of left-handers. Older research has reported poorer performance 

from left-handers on spatial ability tasks, suggesting that left-handers are 

compromised spatially (Peters et al. 2006). More recent research (Mefoh and 

Samuel, 2013) examined differences between left- and right-handed groups on a 

spatial task. The computer task called missionaries and cannibals, required 

participants to move three missionaries and three cannibals from the right side 

of the river to the left side in a boat, but the boat could only carry two people at a 

time. At no time could the cannibals outnumber the missionaries, avoiding the 

possibility of being eaten. Participants ranged in ages from 14-19 years. 

Participants were measured on speed and accuracy. The results showed that left-

handed participants were faster and more accurate in the missionaries and 

cannibals task. This suggests that left-handers may have a greater understanding 

of spatial relationships required to move and transport objects and may process 

this type of spatial information faster than right-handers.  

Takeda et al. (2010) studied reaction time differences between right-

handers and left-handers during the mental rotation of hand pictures. 

Participants identified hand pictures in 4 different orientations as either left or 

right hand. It is proposed that during this type of mental rotation, an egocentric 

frame of reference is used, as judgments made will be based on the rotation of 

their hand to match the hand picture presented. Results showed that right-

handers recognized the right hand faster, whereas left-handers showed no time 

difference when identifying either hand. These findings suggest that right-
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handers may be more strongly lateralized for hand-motor skills than left-

handers. Left-handers may possess greater motor skill in both hands. 

Peters, Reimers and Manning (2006) used data from the 2005 BBC 

Internet study on sex differences to examine variables thought to relate to hand 

preference. They used results from the Vandenberg mental rotation task and a 

question on hand preference for writing to establish hand preference. Five 

groups were established for hand preference, left, mostly left, no preference, 

mostly right, and right. No significant difference was found between left, mostly 

left, right and mostly right groups on mental rotation scores. Scores were higher 

for those in the mostly left and right groups. Those in the no preference group 

had the lowest scores. While data was difficult to interpret, Peters et al., 

concluded that greater attention to the classification of hand preference is 

necessary and highlighted those in the no preference group as perhaps close to 

the point of hemispheric indecision. 

The current study will measure spatial ability using two different 

psychometric tests. The first test will measure spatial relations between the 

observer’s position and other objects, requiring egocentric processing. It is 

predicted that there will be a difference in scores on the spatial orientation task 

between left-handed and right-handed groups.  The second test will be a 

variation of a mental rotation test requiring allocentric processing. It is 

predicted, there will be a difference in scores on the mental rotation task 

between left-handed and right-handed groups.  
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Sex Differences in Spatial Ability 

Males and females have obvious differences in physical characteristics 

and reproductive functions. It is accepted on average that no gender differences 

exist in general intelligence, but rather differences may be present in the 

patterns of cognitive skills that men and women exhibit (Passer & Smith, 2009). 

Women are believed to be superior to men in spatial memory tasks. Men are 

believed to be superior to women in tasks that require the mental rotation of 

objects and spatial navigation task (Kolb & Whinshaw, 2009).  Male superiority 

on tasks involving spatial visualization and spatial orientation is the most 

persistent of individual differences in cognitive skills literature. A meta-analysis 

of studies conducted between 1974 and 1982 revealed that males preformed 

better on tests of spatial perception and mental rotation while no differences 

were found on scores between men and women on spatial visualization. The 

differences on scores were large only for mental rotation (Brogue &Marra, 

2003). Other meta-analytic studies that focused on mental rotation tests 

administered to adolescents and young adults, found that males performed 

significantly better than females overall (Masters and Sanders, 1993, as cited in 

Brogue & Marra, 2003). In contrast, studies that measured young children on 

visual-spatial skills found no gender differences but observed that differences 

began to emerge by age 7. Explanations proposed for these gender differences 

refer to biological and environmental factors.  

A number of structural and functional differences have been found 

between male and females brains. The corpus callosum is larger in women than 

in men. FMRI scans reveal that women show activity on both sides of the brain 
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when responding to language while in men the activity is restricted to the left 

hemisphere (Klein& Thorne, 2006). This suggests that there may be greater 

interaction between the hemispheres in women. Men may tend to be more 

lateralized for function. A meta-analysis conducted by Vogel, Bowers and Vogel 

(2003) on hemispheric differences in spatial processing, found that, overall 

males showed significant right hemisphere advantage, whereas, women showed 

greater bilateral processing (Rilea, 2008). The female tendency toward bilateral 

activation may be biased toward the use of more verbal/analytical strategies 

when performing mental rotation. Murphy et al. (2009) investigated the effect of 

implicit spatial memory on object recognition. Using a high-resolution ERP 

device they identified brain structures and networks involved with implicit 

spatial memory and observed differences in hemispheric activation between 

males and females. Females showed additional left cortical activation when 

processing spatial information. This suggests that females may employ different 

strategies when processing spatial information, and may use areas of the left 

hemisphere to classify and categorize spatial information making retrieval of 

spatial information more efficient (Murphy et al, 2009). 

Other biological explanations have focused on the role of hormones in the 

developing brain. Brain Organization Theory (Baron-Cohen, 2003) proposes that 

the male brain is exposed to more prenatal testosterone and that this exposure 

increases lateralization and a bias toward the right hemisphere, therefore males 

are built for more efficient spatial processing (Valla & Ceci, 2011). The cognitive 

effects of testosterone are unclear, but it can affect the growth of certain body 

parts including symmetry of limbs and fingers. The 2D: 4D digit ratio is the 
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difference of the ratio of lengths between the 2nd and 4th digits of the hand.  It is 

believed that this ratio is a measure of the amount of pre-natal exposure of 

testosterone. Typically males have a longer second digit than females. The 2D: 

4D ratio measure has been used to support the Brain Organization Theory. Valla 

and Ceci (2011) have suggested that the2D: 4D measure of the androgenization 

of the brain, may only indicate the preference for spatial tasks, for example; the 

male child might be tilted more toward play with building blocks and physical 

play as in sports, but this preference does not signal ability or competence (Valla 

& Ceci, 2011).  

Biology and culture must be considered in the context of each other. The 

brains structure is not set in stone, as the brain develops, experience and activity 

can change the brain, due to its plasticity (Myers et al, 2007). Cultural norms 

affect our attitudes and behavior. Eagly and Wood (1999) have suggested that 

childhood socialization and biological influences predispose a sexual division of 

labor and the creation of gender roles. Each sex tends to exhibit expected 

behaviors that fulfill these roles and therefore have their skills and beliefs 

shaped by their gender identity (as cited in Myers et al, 2007).The Hunter- 

Gatherer theory (Silverman & Eals, 1992) suggests that female cognition has 

evolutionarily adapted to gathering and male cognition to hunting. It is argued 

that superior female performance in object location memory tasks reflects an 

adaption that supports women in gathering behavior. Evidence for the 

relationship between spatial skills and hunting has been demonstrated by a 

positive relationship between spatial test scores and throwing accuracy, and 

navigation tests performed in forested areas and mazes which showed a male 
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advantage (Silverman, Choi, & Peters, 2007). This suggests that males have 

adapted to develop superior spatial skills. 

Gender and associated stereotypes may influence an individual’s beliefs 

about their abilities. Stereotypes are beliefs, and may influence performance on 

intellectual and academic measures (Passer et al., 2008). Females may perceive 

spatial tasks as masculine and be more intimidated by them a result of 

stereotype threat. If superior spatial ability is the result of an environment rich 

in spatial experience as suggested by the Hunter-gatherer theory, females may 

benefit from spatial training which may encourage their cognitive spatial skills.  

Cherney (2008) examined how practice with 3D and 2D computer games 

affected performance on mental rotation tests. Participants were tested on 

mental rotation before and after computer practice. Results found that computer 

game practice did improve scores on mental rotation tests, scores improved for 

both men and women but women’s gains were significantly greater. Computer 

practice can be seen as an intensified spatial experience, which can lead to 

improved higher-level spatial cognition (Cherney, 2008). As western culture 

evolves with a major reliance on computer technology and grows in favor of 

more equal gender role assignments, it may be possible to predict that gender 

differences in spatial ability may gradually lessen. 

This study will statistically analyze differences in scores on spatial ability 

tasks between men and women and discuss the results. Self-efficacy is the belief 

in a person’s ability to complete tasks and succeed in a particular situation. 

Stereotype threat is believed reduce self-efficacy (Mayer & Hanges, 2003). It is 

suggested that participants with higher self-efficacy scores will perform better 
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on spatial ability tests. Participants will be required to complete Schwarzer’s 

self-efficacy scale after completing 2 spatial tests. It is predicted that there will 

be a significant relationship between scores on spatial ability tasks and scores on 

the self-efficacy scale. 

 In summary, this study was designed to test the following hypotheses:  

Hypothesis 1: There will be significant difference in scores on the spatial 

orientation task between left-handed and right-handed groups. 

Hypothesis 2: There will be a significant difference in scores on the mental 

rotation task between left-handed and right-handed groups. 

Hypothesis 3: There will be a significant positive relationship between high 

scores in the mental rotation task and high scores in self-efficacy.  

Hypothesis 4: There will be a significant negative relationship between error 

measurement scores on the spatial orientation task and high scores in self-

efficacy.  
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Methodology 

Participants: 

Non-random purposive sample of participants was recruited as part of an 

internet study related to handedness. Existing participants were asked to recruit 

left-handed people from their acquaintances. A request for left-handed 

participants was made on social networking site called Reddit.com. 

47 participants were recruited in total. No incentives were offered to 

participate. 

Participants ranged in age from 18-69(mean=30, SD=11). 

 The sample included 28 males’ and19 females of which 26 were 

classified as left-handed and 21 were classified as right-handed. 

Design: 

Quasi-Experiment. A mixed between-participants and correlational 

design was used.  Between-participants the independent variables [IVs] were 

gender and handedness. Handedness was determined by the use of a modified 

short form of the Edinburgh Handedness Inventory (Oldfield, 1971). The 

dependent variables [DVs] were scores on two separate psychometric tests of 

spatial ability.  
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The predictor variables in the correlation were scores on a self-efficacy 

scale. The criterion variables were scores on the spatial ability tests.  

 

Materials: 

The Spatial Orientation (Hegarty, Kozhevnikov & Waller, 2001) test was 

used to measure the ability to imagine the position of objects from different 

perspectives. This test was modified to adapt to an Internet study. Seven 2-

dimensional objects were organized in a circle, with one object in the center of 

the circle. Participants were asked to imagine them-selves facing a particular 

direction within the circle. Each question asked the participant to imagine them-

selves moving i.e. egocentric transformation, to an object within the circle while 

facing another object and from this position, to then point in the direction of a 

different object within the circle. There were 12 questions in the test; 0-360 

degree labels were superimposed along the diameter of an answer circle situated 

by the object circle [See Fig. 1]. The degrees were superimposed using 

Photoshop computer software. Participants were asked to imagine standing at 

the object in the center of the answer circle while facing the object at the top of 

the circle, and to then point to the imagined third object on the answer circle. 

The direction chosen should be represented in degrees on the circle. An example 

was given i.e. standing at the tree facing the house point to the cat. Participants 

then answered in degrees in a text box below the image of the objects and circle. 

The total score was based on the difference in degrees, between their answer 
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and the correct answer, an error measure. Higher scores would indicate greater 

error. In this study, participants were measured on accuracy only. 

Hegarty and Waller (2004) have, with experimental evidence, found the 

Spatial Orientation test to be a valid measure of the ability to make egocentric 

spatial transformations. Mazman and Altun (2013) measured the test re-test 

reliability of the measure and found it to be reliable in terms of accuracy r= .78, 

and reaction time r=. 63. 

 

 

Figure 1 Example of Spatial Orientation Task 

 

The Mental Rotation Test was devised to test the ability to imagine the 

rotation of objects or images requiring allocentric processing. The stimuli were 

eight two dimensional alphanumeric characters [f, G, P, R, 2, 4 ,5 ,7] and their 

mirror images. Each stimulus was rotated clockwise in 40-degree steps using 

Photoshop computer software. This meant that each of the stimuli have nine 

possible rotations. Participants viewed an image, which included a single upright 
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target stimulus and 4 test stimuli.  Each test stimulus was labeled a, b, c, and d. 

Each question included the target stimulus, and 2 of its randomly selected 

rotations, and 2 randomly selected rotated mirror images of the same [See Fig. 

2]. Participants were requested to choose two possible rotations of the target. 

Participants indicated their decision using the multiple-choice box below the 

image. There were 16 questions; each question required two correct answers. 

The total score was based on the total number of correct answers. The mental 

rotation test was constructed similarly to the Vandenberg and Kuse (1978) MRT. 

The Vandenberg and Kuse test is known to be a reliable and valid measure of 

mental rotation. The Vandenberg and Kuse found a Kuder-Richardson of .88 and 

a reliability test re-test of .83 on the Mental Rotation Test (Campos, 

2012).Reaction time in this study could not be measured. Participants were 

measured on accuracy only.  

 

 

Figure 2: Example of mental rotation task 
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The Edinburgh Handedness Inventory (Oldfield, 1971) contains 10 

questions relating to hand preference in everyday activities e.g. writing, opening 

a lid etc. It was used to define groups into left-hand and right hand. Test retest 

reliability of the Edinburgh Handedness inventory measured by Pearson’s r, and 

Spearman’s r ranges from .95 to .98(Vlachos, 2013).  The laterality quotient 

method of scoring could not be used in this study, due to the constraints if the 

Internet survey. Participants were requested to tick either the left or right 

column to indicate hand preference in the 10 listed activities. Those who 

answered with more than 5 for either left or right hand preference were grouped 

as left-handed or right-handed. This modification excludes those of mixed hand 

preference and lessens the reliability and validity of the measure. 

Self-efficacy scale (Schwarzer & Jerusalem 1995) was used to measure a 

person’s beliefs in their ability to perform well in a variety of situations. It 

contains 10 items that are rated on a 4-point scale, 1=not true at all, 2=hardy 

true, 3=moderately true, and 4 =exactly true. Each participant was asked to 

indicate which point on the scale best reflected his or her self-beliefs.  Higher 

scores on this measure would indicate higher levels of self-efficacy. Cronbach’s 

alpha demonstrated an internal consistently between .79 and .88. (Romppel et al, 

2013). 

Procedure: 

Participants accessed a link via Google Docs to the Internet study. 

Participants were informed that the study was constructed to test differences in 

spatial ability between left-handed and right-handed groups, and gender groups. 
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Participation would involve the completion of two spatial ability tasks followed 

by two questionnaires. It was suggested that participation could take up to 20 

minutes. Participants were made aware of their right to withdraw from the study 

and were assured that all participation was anonymous. Participants were asked 

to tick an informed consent box before proceeding to the study.  

The first task was the spatial orientation task. Participants were given 

instructions on how to approach the task and an example was given. Participants 

were advised not to spend too much time on the task.  

After completion of the spatial orientation task, participants proceeded to 

the mental rotation task. Instructions for the mental rotation task included 

identification of the target figure in the left most position. Of the four choice 

figures two were rotated reproductions and two were impossible rotations. 

Participants were asked to indicate which of the four were rotated 

reproductions.  

After completion of the mental rotation task, participants proceeded to 

the handedness questionnaire. Participants were asked to consider which hand 

they would prefer to use in 10 activities. Two columns, labeled left and right, 

were presented by each activity. Participants could indicate their preferred hand, 

by ticking either column.  

Finally, participants were asked to complete the general self-efficacy 

scale. Participants were asked to consider ten statements, and indicate their 

agreement by choosing from a multiple-choice box. Participants could tick a box 
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beside one of the four choices; not true at all, or hardly true, or moderately true, 

or exactly true. At the end of the study participants were thanked. 
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Results 

Histograms for scores on spatial orientation and mental rotation were 

inspected separately. As data were skewed, the most appropriate test for 

differences between left and right-handed groups on spatial tasks was Mann-

Whitney. 

Table 1: Total of Error Measure for Spatial Orientation Task 

Handedness N Mean Rank Sum of Ranks 
 

Right-hand 21 26.19 550 
Left-hand 26 22.23 578 

 

A Mann-Whitney U test was used to test the hypothesis that there will be 

a significant difference between the error measurement of scores on the spatial 

orientation task between left-handed and right-handed groups [see above: Table 

1]. The left-handed group had a mean rank of 22.23, compared to the higher 

mean rank of 26.19 for the right-handed group. The Mann-Whitney revealed that 

the left-handed and right-handed group did not differ significantly (U= 227,p= 

.32). Therefore, the null was accepted. 
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Figure 3: Error Measure For Spatial Orientation Task 

 

The trend in the data suggests that the left-handed group have lower 

rates of error in spatial orientation task when compared to the right-handed 

group. The left-handed median line in the interquartile range is lower when 

compared to the right-handed median. The maximum of scores is higher, with a 

higher distribution of outliers in right-handers.  

Table 2: Total Correct Scores for Mental Rotation Task 

Handedness           N Mean Rank           Sum of Ranks 
 

Right-hand            21 25.14 528 
Left-hand              26 23.08 600 

 

A Mann-Whitney U test was used to test the hypothesis that there will be 

a significant difference in correct scores on the mental rotation task between 
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left-handed and right-handed groups [see table 2]. The right-handed group had a 

mean rank of 25.14, compared to the mean rank of 23.08 for the left-handed 

group. The Mann-Whitney revealed that the left-handed and right-handed 

groups did not differ significantly (U=249, p= .58). Therefore, the null was 

accepted. 

To test the hypothesis that there will be a significant positive relationship 

between high scores in the mental rotation task and high scores in self-efficacy, a 

Kendall’s tau b correlation was performed. Kendall’s tau correlation found that 

there was no significant association between high scores on self-efficacy and 

scores on mental rotation (tau b (47) = .9, p =. 21).Therefore, the null was 

accepted. 

To test the hypothesis that there will be a significant negative relationship 

between error measurement scores on the spatial orientation task and high 

scores in self-efficacy, a Kendall’s tau b correlation was performed. A Kendall’s 

tau correlation found that there was no significant association between scores on self-

efficacy and scores of error measurement on spatial orientation (tau b (47) = - .07, p= 

.25).Therefore, the null was accepted. 

Analysis on gender differences in scores on spatial ability tasks revealed 

that there was no significant difference between males and females on mental 

rotation scores (U=247, p = .64). A Mann-Whitney U test found significant 

difference between males and females in error measurement scores on the 

spatial orientation task. Males had a mean rank of 18.04, compared to the mean 

rank of 32.79 for females. This indicates that males had a lower rate of error than 
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females on the spatial orientation task. The Mann-Whitney revealed that males 

and females differed significantly on the spatial orientation task (U= 99, p = .00). 
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Discussion 

The aim of this study was to determine if having a left-hand preference is 

an advantage in spatial activities and if performance on spatial ability tests are 

related to levels of self-efficacy. The hypothesis that there will be a significant 

difference in scores on the spatial orientation task between left-handed and 

right-handed groups was not supported. A non-significant trend was observed in 

the error measurement scores. Left-handers showed a lower rate of error when 

compared to right-handers.  The spatial orientation test measures the ability to 

imagine egocentric spatial transformations in which one’s egocentric reference 

frame changes in relation to the environment, i.e. the environment does not 

change; rather the person changes their position (Hegarty & Waller, 2003).  

Egocentric perspective provides a framework for spatially directed motor 

activity such as walking, reaching and grasping (Mou et al. 2006).The abstract 

mental ability to imagine egocentric representations, coupled with the ability to 

imagine movement [pointing to an object] is the basis of the task. 

It could be speculated that perhaps, left-handers have showed lower 

error rates in this task because left-handers have greater motor control over 

both hands making the imagined pointing action more efficient, which may have 

led to greater accuracy. This study is limited by its small sample size and lack of 

experimental control. The measurement of reaction time in this case, may have 

had an effect on the error measurement, which may have made any differences 

between groups significant. 
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        The hypothesis there will be a significant difference in scores on the 

mental rotation task between left-handed and right-handed groups was not 

supported. These findings add support to those of Peters et al. (2006) who found no 

difference between left and right-handed groups on mental rotation scores. The 

greatest limitation in the test used for this study was the lack of reaction time 

measure. Also the stimuli used were familiar letters and numbers and given the 

lack of time limit, identifying a rotation of the target and recognizing its 

impossible rotation may have been relatively easy. In comparison, the research 

conducted by Peters et al. (2006) had the advantage of a large number of 

participants, used the formal Vandenberg and Kuse mental rotation test, which 

allowed 150s for 6 questions, and found no differences between left and right-

handed groups were. While the results are difficult to interpret, it suggests that 

differences between left-handed and right-handed groups are not present on this 

type of spatial factor.  

As suggested by Peters et al., the classification of handedness is an 

important factor for any future research in this area. Annett (1970) suggests that 

there is no clear-cut division between left and right, that handedness is a 

spectrum of varying preference. Older classifications of handedness, considered 

those who performed any activity with the left hand as sinistrals. Annett 

critiques the Edinburgh Handedness Inventory on the basis of the laterality 

quotient scoring method that leads to a distribution of preference that is 

consistently J-shaped. In this questionnaire, the majority of people express a 

strong right preference, a few with a strong left preference and almost none in 

the center of the range. Annett’s approach has been to distinguish the variety of 
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handedness between right and left ends of the spectrum. While Annett suggests 

that ambidextrous in the sense of equal preference for both hands in skilled 

action is rare, she observes that is more common for people to use the right hand 

for certain actions and the left for others and for the individual to be consistent 

in these preferences. She suggests the term “mixed” hander seems appropriate 

for these people. She argues, that problems concerning handedness and cerebral 

dominance arise from a failure to separate mixed handers from consistent right 

and left-handers. She believes these mixed handers need further investigation; it 

is possible that for some mixed handers the tendency toward the left side of the 

spectrum is so slight as to be negligible, while in others so strong as to be better 

regarded as a true left-hander (Annett, 1970). Annett (1992) found a significant 

relationship between strong left-handers and spatial ability when hand 

preference was classified into subgroups of left and right. Including the spectrum 

of handedness in future studies could give greater insight into differences in 

cerebral asymmetry and what advantages, if any, variation in brain organization 

can provide. 

Future research could investigate the relationship between handedness 

and its subgroups in spatial tasks that require egocentric processing specifically. 

It could be hypothesized that left-handers have an advantage in spatial ability 

when an egocentric frame of reference is present. Left-handers live in a right-

handed world where microwaves, computer keyboards, and pianos are built 

primarily with the right-hander in mind. In terms of acting in the world, the left-

hander is experienced in transforming his/her perspective. This adaptation 

includes greater motor control and skill in both hands. This type of research 
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could be applied to sports training and recruitment in sports such as baseball, 

basketball and tennis where this type of dynamic processing of spatial 

information is required and where skill in both hands is an advantage. 

The hypothesis there will be a significant positive relationship between 

high scores in the mental rotation task and high scores in self-efficacy was not 

supported. The hypothesis there will be a significant negative relationship 

between error measurement scores on the spatial orientation task and high 

scores in self-efficacy was not supported. These predictions were based in the 

well-documented male advantage in spatial ability and negative stereotype 

attributed to women and spatial ability. This study did not intentionally activate 

a stereotype threat i.e. it was not manipulated; it only required that the 

participant indicate their gender group. Therefore, it was possible that self-

identity associated with their gender group may have been sufficient to activate 

stereotype threat in the female population. The results were non-significant in 

this case. While it is difficult to exclude or include the effect of stereotype threat, 

the results only imply that performance on the spatial tests in this study had no 

relationship to the participant’s self-beliefs about their ability. It is possible that 

social desirability bias may have affected how participants responded to the self-

efficacy scale; it may also be possible that gender differences in spatial tasks are 

dissolving. Females may now perceive spatial skills as learnable, therefore 

rejecting negative stereotypes and developing beliefs in their ability to complete 

these types of tasks. 

The data from this study revealed a significant gender difference in the 

spatial orientation task, where males had lower error rates. There was no 
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significant difference between gender groups on mental rotation scores. These 

results are discussed in the light of the studies limitations. The lack of 

experimental control, the small sample size, and no time limit demands make the 

results difficult to interpret. One of the strengths of this study is that it can 

compare 2 different but related tasks on spatial ability. The object based 

allocentric perspective is used in object recognition, location and perception and 

is associated with categorizing and coding spatial information.  The egocentric 

perspective is used to guide movement and action and is associated with 

coordinating spatial relations and exact distances (Ruotolo, 2011). Evidence 

suggests that allocentric and egocentric transformations rely on different 

processing systems (Kozhevnikov et al., 2006). Ruotolo et al (2011) suggest that 

these two systems interact depending on the characteristics of the task. As 

mentioned, females show greater bilateral hemisphere activation when 

processing spatial information, and may use a verbal strategy to classify and 

categorize spatial information. Females showed a significantly higher error rate 

in the spatial orientation task. 

It could be speculated that some females may be more efficient in object-

based allocentric transformations when processing spatial information, and may 

have favored this strategy, unsuccessfully, in the spatial orientation task. 

Females may not of had the life experience which could have provided 

opportunities to develop different strategies for solving spatial tests (Bogue & 

Marra, 2003). This consideration may be applied in the design of spatial training 

and education programs. For example, A longitudinal assessment of a course 

designed to help engineering students overcome deficiencies in 3-D spatial 
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visualization, found that participating male and female students scored better on 

several tests of spatial ability and retention rates for female engineering students 

had significantly improved (Bogue & Marra, 2003).This demonstrates that 

training and practice can produce significant gains in spatial ability for females. 

Factors that may make educational efforts effective include, formal instruction, 

allowing for practice, giving feedback, and allowing for self-discovery. 

    The Flynn effect refers to the steady increase in IQ scores from 

generation to generation. Scores that measure general intelligence such as 

abstract reasoning and inferring logic have increased across the population.. It is 

argued that, under the influence of television, computer games and a technology 

rich society, that people have become more skilled in hypothetical and logical 

reasoning. Flynn has demonstrated that the fluid intellectual abilities associated 

with spatial skills have had the largest increase. The Raven Progressive Matrices, 

a visual-spatial reasoning task shows the largest increase over the last 6 decades, 

over twice as large as the increases in nonspatial abilities (Ceci & Williams, 

2010).  Females 25 years ago performed worse on the Raven test when 

compared to men, it now appears the male advantage has disappeared in the 

Raven test; females perform equivalently to males on this test (Ceci & Williams, 

2010). This implies that spatial ability is not exclusively determined by biological 

factors and that female cognition is adaptive. 

     Future research in spatial ability could focus on defining the cognitive 

processes required for the varying aspects of spatial ability. For example, the 

spatial skill involved in understanding brain anatomy, is different but similar to 

that required for a physics problem.  Cognitive flexibly could be improved, and 
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creativity developed, by encouraging the use of different and combined cognitive 

spatial strategies when approaching spatial problems.  Defining the spatial skill 

involved behind such types of problem could make teaching and instruction 

more precise and lessen student error and improve student comprehension in 

such situations.  

     In conclusion, left-handers show a variation in cerebral organization. 

Several genetic, hormonal and environmental theories have been proposed as an 

explanation for this variation. An investigation was conducted to examine 

whether this variation gave left-handers an advantage in spatial tasks. 

Participants were divided in to left-handed and right-handed groups. 

Participants completed a spatial orientation task that required the participant to 

take an egocentric frame of reference and a mental rotation task that required an 

allocentric frame of reference. There was a non-significant difference in error 

measurement between groups on the spatial orientation task, and a non-

significant difference between groups on the mental rotation task. A non-

significant trend in the data demonstrated that left-handers had a lower rate of 

error on the spatial orientation task. In light of these results, it was proposed 

that a difference in ability between groups may exist in different spatial tasks. It 

was predicted that left-handers may show an advantage in spatial tasks that 

require egocentric processing. Future research might conduct this type of 

investigation in more controlled experimental conditions and would include the 

classification of handedness subgroups.  

     A male advantage in spatial tasks has been a persistent feature in 

cognitive skills literature. Hormonal, environmental and evolutionary theories 



36 
 

have tried to understand this difference in gender. It was predicted that there 

would be a relationship between high scores and low error rate on spatial tasks 

and high scores in self-efficacy. No significant relationship was found. It was 

proposed that a changing technology rich society, which grows in favor of more 

equal gender roles, may have a positive influence on an individual’s self-beliefs 

about their ability in spatial tasks. In further analysis, there was a significant 

difference in error rates between gender groups on the spatial orientation task. 

There was no significant difference in scores between groups in the mental 

rotation task. It was proposed that females may have less experience in spatial 

problem solving and therefore have not had the opportunity to develop different 

strategies required to solve varying spatial tasks. It was demonstrated that 

females can benefit from spatial training, and implies that female cognition is 

adaptable. 
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Appendices 

Construct: Self Esteem  
 
Scale Name: General Self-Efficacy  
 
Developers: Schwarzer, R., & Jerusalem, M.   
 
Rating Scale:  
 
 1 = Not at all true 2 = Hardly true 3 = Moderately true 4 = Exactly true  
 
 
 
Items:  
 
1. I can always manage to solve difficult problems if I try hard enough.  
 
2. If someone opposes me, I can find the means and ways to get what I want.  
 
3. It is easy for me to stick to my aims and accomplish my goals.  
 
4. I am confident that I could deal efficiently with unexpected events.  
 
5. Thanks to my resourcefulness, I know how to handle unforeseen situations.  
 
6. I can solve most problems if I invest the necessary effort.  
 
7. I can remain calm when facing difficulties because I can rely on my coping  
 
abilities.  
 
8. When I am confronted with a problem, I can usually find several solutions.  
 
9. If I am in trouble, I can usually think of a solution.  
 
10. I can usually handle whatever comes my way.  
 
 
 
 
 
Scoring:  
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Edinburgh Handedness Inventory: 
 
Please indicate your preference in the use of hands in the following activities by 
putting a check in the appropriate column. Some activities listed below require 
the use of both hands. In these cases, the part of the task or object for which hand 
preference is wanted is indicated on parentheses. 
Please try and answer all questions. 
 
                                         Left                                        Right 
 
1: Drawing 
 
2:Throwing 
 
3: Scissors 
 
4:Toothbrush 
 
5:Knife (without fork) 
 
6: Spoon 
 
7:Broom (upper hand) 
 
8:Striking match 
 
9:Opening lid 
 
10: Writing  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
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