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Abstract: This research was designed to study the relationship between spatial awareness with mathematic disorders, in 

elementary school students at grade three in Isfahan city. A sample of 60 students was selected from elementary schools. 

Spatial Awareness Questionnaire and Raven Intelligence Test were administered to the subjects. The results of stepwise 

regression analysis showed that the correlation between spatial awareness, IQ and classification of students with 

mathematic ability were significant (P < 0.01). The results also showed that the correlation between gender and mathematic 

ability was not significant (P > 0.05). The results of this study support the claim that stimulus of child in environment and 

pre-school programs especially in spatial awareness, can be progress mathematic ability of students in elementary school. 

The most important finding from these analyses is that mathematic performance relates with spatial awareness as well as 

intelligence. 
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1. Introduction 

Mathematics is a symbolic language which enables man 

to think about the quantity of the matters and to record 

them while they relate the thoughts and the relations 

between the quantities to each other. Nevertheless, a group 

of students with healthy senses and normal intellectual 

ability cannot learn the special educational matters and 

concepts by general methods in the schools (Oreyzi, Abedi, 

2004). These students are considered as the students 

afflicted with learning disability because most of them with 

their potential ability make no progress in one course or in 

several courses. This disability includes a wide range of 

educational training (Delapaz & Geraham, 1997). Among 

them, there is a group with mathematics disability that have 

difficulties in math. Diagnostic and Statistical Manual of 

Mental Disorders of America (2000) determined disable 

students in learning mathematics in this way: Disability in 

performing math skills, considering the intellectual 

capacity and the expected educational level of the person 

through some adjusted personal measured tests. Some of 

the Common clinical features of disable students in 

learning math are problems in learning the name of the 

numbers, counting the main numbers, coping the numbers, 

perceiving the analysis concepts and the combination of 

numbers, perceiving the meaning of the math signs or 

application of proper signs, perceiving the value of place 

and time, ordering the numbers in writing the problems, 

saving and ordering while computations. The expression 

used for severe cases is disorder in computing and 

perceiving mathematics concepts. This group of children 

usually faces some problems in perceiving the space 

relations (Seif Narghi, 2001). To explain the origin and the 

causes of this disability, some of the researchers indicate 

the problem of reading and language learning (Delapaz & 

Graham, 1997). Some other researchers put the emphasis 

on the problems of counting and mathematic reasoning 

(Hoffman, 2003). Explaining the cause of disability in 

learning math: So far many studies are done and various 

opinions are stated by researchers including: considering 

some causes, such as neurology causes and weakness in 

cognitive and metacognitive skills (Montague, 1997), 

exciting causes, such as math anxiety (Lerner, 1993 quoted 

by Abedi, 2004) and computing problems (Fariar et al. 

2001). One major factor which probably correlates with 

mathematic disorder is the spatial awareness or spatial 
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relation. Spatial relation is the ability of seeing the relation 

of the forms and objects with each other. Also, spatial 

awareness is the ability to interpret spatial information and 

use it in an organized, systematic way for planning 

movement (Jenkinson, Hyde & Ahmad, 2008). 

In general, children’s early mathematics ability is an 

important predictive factor to later math achievement 

(Aunio & Niemivirta, 2010; Byrnes & Wasik, 2009; Jordan 

et al., 2009; Krajewski & Schneider, 2009), so the question 

of how to promote children’s early math competency is of 

critical importance. Previous research has established a link 

between spatial ability and mathematics —both children 

and adults with better spatial abilities also have higher math 

scores (Burnett, Lane, & Dratt, 1979; Casey et al., 2001; 

Casey et al., 1992; Casey et al.,1995; Delgado & Prieto, 

2004; Geary et al., 2000; Lubinski & Benbow, 1992; 

Robinson et al.,1996) even in early childhood (Kyttälä et 

al., 2003, Geary et al., 2007; Rasmussan & Bisanz, 2005; 

McKenzie et al., 2003; Mclean & Hitch, 1999; Holmes et 

al., 2008; Alloway, 2007). Based on these findings, the 

National Council of Teachers of Mathematics (NCTM, 

2010) announced its support of developing spatial 

reasoning as part of math learning in the first grade. 

The connection between space and math may be based 

on shared underlying processes, suggesting a potent avenue 

for mathematical improvement(Cheng & Mix, 2013). 

Neuropsychological and brain imaging studies have 

revealed that similar circuity is activated when people 

process both spatial and number tasks (Walsh, 2003; 

Hubbard et al., 2005). There also is behavioral evidence 

that numerical magnitudes are mentally represented in a 

spatial format (Dehaene, Bossini, & Giraux, 1993). This 

evidence of shared mental processing raises the possibility 

that math can be improved with spatial training (Cheng & 

Mix, 2011). Swanson(2003) states that the relation between 

spatial imagining abilities and spatial disorders is not 

computed in mathematics but the defect of the function of 

imagining affects various mathematics grounds, such as, 

geometry, and complex problem solving (quoted by Reisi, 

2005). In fact, the children presenting lower mathematical 

function and ability in reading and spelling got higher 

scores in verbal-auditory scales and in visual-perceptive 

and lower scores in visual-spatial scales (Mash et al., 2003). 

In Sternberg's opinion, spatial ability points to the ability of 

decoding, transformation, and memorizing the pictures of 

the objects in space and their relations to other objects and 

the spatial successes (Poor-Mohsseni Clori, 2004, p.118). 

On the other hand, spatial awareness or perceiving spatial 

relation is really essential for success in mathematics, 

because the place value of the numbers. The order of the 

numbers, the perception of counting the objects in 

environment, reading them from left to right and the order 

of environmental objects are related to the perception of the 

spatial-place relations (quoted by Fariar et al., 2001), that 

this study tries to consider its relation to mathematical 

ability. This ability is related to the perception of the 

condition of the objects in space and place and is one of the 

dimensions of the visual functions, which ensures the 

perception of the displacement of an object or a symbol 

(pictures, letters and numbers) and its relation to far and 

close objects. Spatial perception ability is most probably 

related to the success in mathematics and geometry. 

Children with problems in the perception of lines and 

objects in space will probably have problems in recognition 

of the forms and geometrical plans. Some of the students' 

problems in spatial imagining act weakly in mathematics 

and computation. We found that even a short amount of 

spatial training can increase children’s math performance. 

This result contributes to the growing literature that links 

spatial cognition to mathematical representation and 

problem solving, but is one of the only to demonstrate a 

causal link from one area to the other. Interestingly, the 

spatial training effect was most evident on missing term 

problems. Many studies have demonstrated that people 

who are better at spatial tasks also excel in 

mathematics(Cheng & Mix, 2013). 

Kalisky (1967) believes that most of the symptoms 

realized in the disabled children in learning can be related 

to the mathematical problems. Spatial perception disorder, 

visual perceptive disorders, unreasonable persistence, 

difficulty in understanding signs and cognitive disorders 

are all obvious numerical learning events. 

The results of Pinel et Jerry's studies (1996) indicates 

that the defects of   spatial imagining affects the function of 

various aspects of mathematics, such as, geometry and 

solving complex problems (quoted by Reisi, 2005). In a 

study, ability of spatial imagining for making images and 

manipulating information in learning and solving 

mathematical problems is essential (Reisi, 2005, p. 89). 

Hinchey and his colleagues (1999) found that the children 

with special defects in mathematical learning differ from 

each other on their estimating skills and their ability to 

solve complex problems. The function of these two skills is 

supported by spatial imagining (quoted by Reisi, 2005). 

Based on Kalisky's reports (1967) a child with a disability 

in mathematics often make mistakes in the perception of 

spatial relations, for example, they get confused in 

recognition, up- down, on- under, top-bottom, short-tall, 

far-close, front-behind, beginning-end, and middle and they 

combine them with each other. 

Also the results obtained by Helland & Asbjernsen(2003) 

showed that the spatial-visual disorders increase the 

mathematical problems in the children with Dyslexic. The 

results of Reisi's study (2005) showed that there is a 

significant difference between the spatial imagining the 

students with and without learning disability because the 

students who had a weak mathematical ability got lower 

scores in spatial imagining aspects. Moreover, the results of 

Frasting's test showed that the spatial imagining ability in 

the students without any special defect in learning 

mathematics was higher than that of students with special 

defects in learning mathematics. 

Then, the connection between space and math is so 

compelling that many now believe spatial training could be 
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an important resource for improving performance in 

Science, Technology, Engineering, and Mathematics 

(STEM) disciplines (Lubinski, 2010; Newcombe, 2010; 

Uttal et al., 2012). In fact, the National Council of Teachers 

of Mathematics (2010) now recommends integrating spatial 

reasoning into the elementary mathematics curriculum 

(quoted by Ganley et Al., 2011). Cheng and Mix (2013) found 

that spatial training group improved significantly on calculation 

problems. This result adds further support to claims that 

spatial cognition and mathematical reasoning are connected. 

The other important factor of success in mathematic is 

intelligence. Intelligence is one of the principles and 

essential discussions of psychology and many 

psychologists worked on its essence and measurement but 

so far they have achieved no explanations acceptable for all 

the researchers. Some ones consider it a public ability for 

adapting to new occasions, some others considerate the 

most essential factor of reasonable practical abilities, 

rational thinking and the effective reactions of the person 

with his environment. But what's important is that 

intelligence is a capacity and a higher ability for learning, 

act speeds, processing information, rational reaction to the 

affairs and events of life. In this study, the relation of 

intelligence as a control variable and the mathematical 

ability will be considered. Considering the description of 

the children with basic difficulties in mathematics, Johnson 

& Myklebust (1967) concluded that these children face 

difficulty in non- verbal intellect's aspect. 

Finally, spatial ability is required to understand 

mathematical symbols. Taken together, there is excellent 

reason to hypothesize that spatial training would improve 

math learning. The studies also show that sex differences 

do not always appear in these assignments. Also when 

these differences emerge, the rate of difference is low 

(Lehman, 2004, quoted by Reisi, 2005). In a research, 

Kaplan (1997) concluded that sex differences do not exist 

in spatial ability and this difference is ignorable. Though 

sex differences clearly appear in some spatial abilities, for 

example in some studies the spatial-visual talent of males is 

represented better and the privilege of females in verbal 

talents is indicated more than men, the results of most of 

the studies confirm no physical difference. The results of  

Reisi's studies (2005) showed that there is no meaningful 

difference between the spatial imagining of the male and 

females students of grade two in primary schools. The 

results of other research showed that spatial skill 

independently predicted a significant amount of the 

variability in concurrent mathematical performance 

(Verdine, Golinkoff, Hirsh-Pasek, Newcombe, Filipowicz 

and Chang, 2013). Because spatial and mathematical skills 

are vitally important for success in STEM careers and 

because spatial skills are foundational to mathematics 

learning, spatial instruction has become a priority in early 

education (NCTM, 2007). 

According to what's said so far, the most essential matter 

discussed in this study is surveying the relation of spatial 

perception and mathematical disorders in the students of 

grade 3 in primary school. In fact, the present study tries to 

determine how much the rate of the influence of spatial 

awareness on mathematical ability is. Therefore, our 

primary aim was to investigate a potential causal 

relationship between spatial ability and math ability. With 

considering the discussions and findings of the present 

study, it answers the following questions: 

1. How much is the share predicting spatial relations 

in mathematical ability? 

2. How much is the share of intellect's predicting in 

mathematical ability? 

3. Is the grouping variable considered as an essential 

predicting variable for the ability of mathematics? 

4. Does sex have any influence on the ability of 

mathematics? 

2. Method 

2.1. Statistical Society, Sample and Sampling Method 

The present study's plan is a predicting correlation. The 

aim of this method is predicting target variable among the 

other variable's scores. The statistical society of this study 

included all of primary school students of grade three in 

Isfahan city, among whom, 60 ones are chosen and are 

classified into two groups of weak and strong according to 

the average of class scores and their results in mathematic 

lesson. In selecting the participants, the sample group is 

selected randomly by using multistage cluster sampling. In 

selecting the samples, sex variable is controlled and for this 

aim the same number of sexes is chosen. 

2.2. Research Instruments 

Spatial Relation Perception Questionnaire (SPRQ) is 

used to evaluate spatial relations Perception. This 

questionnaire includes 70 phrases which are consisted of 5 

scales or trivial tests (objects' recognition, object's features, 

the relations between objects and ordering) (Lacomb, 1996, 

translation & adoption by Yarmohamadian, 2011). Every 

question has two options successful(2) or unsuccessful(0). 

Reliability co efficiency of this test obtained by split and 

Spearman- Brown formula is 0.98. For the validity of the 

test, the content validity is used. Raven Intelligence 

Test(RIT) is used for evaluating general intelligence for the 

participants. This test was made by Raven in Britain in 

1938 to measure general intelligence or factor (g) spearman 

and revised in 1948. Test materials include 60 matrix and 

plans, a part of each of them was omitted and the person 

should find the omitted part among 6 or 8 options. Test 

questions were designed from simple to difficult. The test 

can be performed both individually and grouping. The test 

can be performed both on children and on mental retarded 

adults. The test is considered as a non-culture test (Farahani 

& Farmihani, 2000). Each of the 60 questions of Raven's 

test has one score and no negative score is considered for 

wrong answers. The time of the performance of the test is 

45minitues. In the present study about validity co 
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efficiency and reliability of Raven's test are reported. 

Coefficiencies close to 80% or a little more than 90% 

(Pasha Sharifi, 1995, P. 116-322). 

2.3. Statistical Methods 

Data are analyzed by (SPSS 16) software. The average of 

descriptive statistical criteria standard deviation, multi-

verbal Regression proving statistical criteria and analyzing 

variance of F are used for considering the results. 

3. Findings 

Table (1) represents descriptive statistic related to 

statistical variables, the average, standard deviation, 

minimum scores and the maximum of mathematical 

variables, spatial awareness and general intelligence. 

Table 1. Descriptive statistic related to the studied variables 

Variable's name N Minimum Maximum Average Standard deviation 

Mathematics 60 4.5 20 11.81 4.48 

Spatial relations 60 96 140 132.85 10.06 

Intelligence 60 85 135 108.70 12.03 

Table 2. Correlation matrix of independent variable 

Factors Mathematics Spatial relations Intelligence Classification 

Mathematics 1    

Spatial relations *0.502 1   

Intelligence *0.984 *0.475 1  

Classification( weak & strong 

groups) 
*0.671 *0.746 *0.650 1 

*P< 0.001 

Table (2) represents the internal correlation between 

studied variables as the information of these matrix 

represent there is a positive and meaningful correlation 

between all the studied subjects and mathematics. 

To consider the effect of meaningful spatial awareness 

and intelligence on mathematical ability Regression's multi-

variable method of analysis is used step by step. The results 

of the analysis are represented in table 3 and 4. According 

to table 3(ANOVA) The obtained F is meaningful up to 

0/001. This reveals that at least one of the independent 

variables is effective in predicting dependent variable, and 

the prediction is 99% meaningful. 

Table 3. A brief analysis of variance in Regression's model of spatial awareness, intelligence, classification, and mathematical skills 

Criteria Source Freedom degree Derivations' average F Meaningful level 

Regression's remains 
2 

57 

381.376 

624 
611.068 0.001 

Table 4. Regressions' results of the analysis of the relation between spatial awareness's causes, intellect, classification, and sex with mathematical skill. 

Criteria Causes 
Multi-correlation co 

efficiency 

determinate 

coefficient 
t relation b coefficient Beta coefficient 

Error of 

survey 

criteria 

Spatial relations' perception 0.502 0.252 *3.577 -17.92 0.502 3.93 

Intelligence 0.984 0.969 34.51** -28.08 0.949 0.799 

Classification 0.671 0.451 5.58* 20.6 0.671 3.370 

Sex 0.272 0.074 1.60 0.272 0.265 4.42 

*P< 0.05                  ** P< 0.01 

The results of regression's analysis represented in table 4 

reveals the relation between spatial relation perception 

intelligence, classification and sex. This amount is named 

multi-correlation co efficiency. As you see, intelligence has 

the most correlation with mathematical ability, after 

intelligence, successively the variable of spatial relation 

perception and classification in coefficient of determination 

are 25% and 45%, representing mathematical ability (P< 

0.05). But Regression's analysis showed no meaningful 

relation between sex and mathematical ability, meaning the 

sex has no role in predicting success in mathematical skills 

of the girls or the boys have similar ability in mathematics. 
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4. Discussions and Conclusion 

In this study the relation between spatial relation 

perception and mathematical disorders are considered. 

These results showed that spatial relation perception, 

intelligence and classification have a meaningful positive 

correlation with mathematical ability but the results didn't 

show any meaningful correlation between sex and 

mathematical ability. These results are in agreement with 

the results of the previous studies including (Johnson & 

Myklebust, 1967; Kalisky 1967; Helland and Ajerson, 2003; 

Reisi, 2005; Ganley & Vasilyeva, 2011; Verdine, Golinkoff, 

Hirsh-Pasek, Newcombe, Filipowicz, and Chang, 2013; 

Cheng & Mix, 2013). The obtained results are analyzed as 

follow on the basis of study's questions: 

The first question was determining the predicting share 

of spatial relation's perception about mathematical ability. 

The results of the study showed that spatial awareness or 

spatial relation perception (spatial imagining) has positive 

and meaningful correlation with mathematical ability, 

meaning that spatial awareness directly predicts 

mathematical ability, that is, the students with higher spatial 

awareness are more successful in mathematical ability and 

vice versa, those with lower spatial awareness are less 

successful in mathematical ability. In fact, among the 

components of mathematical ability many common factors 

can be found, such as, measurement perception, quantity, 

recognition of objects and etc. The relation between objects' 

distance and numerical computation which exist in both 

(Spatial relation perception and mathematical ability).     

The implicit results of this study is that preliminary 

program in pre-primary school level can indirectly develop 

the child perception from the spatial relations of the objects 

and environmental phenomena and then preliminaries make 

the child more successful in learning mathematics, 

considering the processing or learning problems of these 

children may block their learning routs, meaning that the 

teacher evaluate the students' motor skills, auditory memory, 

visual memory, perception of the stability of form, notice 

and perception before teaching mathematical concepts, and 

if he or she see any problem in this pre-educational skills, 

he or she should strengthen them, because some researchers 

consider this ability in learning mathematics (Faggiani and 

Faggiano, 2000; Plaza and Caldin, 1997). 

The second question of this study was determining the 

predicting share of intelligence about the mathematical 

ability. The results of this study showed that intellect variable 

is an important item in predicting successes mathematical 

ability. The results of Wechsler' test by Reisi (2005) showed 

that there is a meaningful difference in learning mathematics 

the students with special learning difficulties and those 

without any special difficulty and the results of this study 

confirm the hypothesis of this research that there is a 

meaningful correlation between mathematical ability and 

intelligence. These results show that there are many common 

elements between intelligence and mathematical talent and 

ability which help the success of the person. 

The third question of this study considers the relation 

between classification and mathematical ability in a way 

that the strong students are not only successful in 

mathematics but also in spatial awareness and general 

intelligence. The results which can be concluded from the 

study is that in teaching mathematics to children classifying 

them according to their ability level and taking educational 

methods, teaching suitable materials for these grouping, 

will increase their successes in learning mathematics. The 

results of this study and other studies confirm the results of 

the researches by (Swanson, 2003; Reizi, 2005; Oreizy and 

colleagues, 2004). As the results show that teaching and 

training in small groups can considerably be effective in 

teaching and progressing the children with mathematical 

learning disorder. They pointed out that classifying the 

disable children is as effective as teaching the standards 

individually (Allsop & Medison, 2003; Bos and Vaughn, 

2002; Oreizy et al., 2004). 

The last question of this study considers the effects of the 

students' sex on mathematical ability. The results show that 

there was no meaningful relation between sex and 

mathematical ability variables. On the other word, sex no 

longer had any role in mathematical success and success in 

mathematics cannot merely be predicted on the basis of the 

individuals' sex. These results are in agreement with 

previous studies (Kaplan, 1997, Reisi, 2005, Lehman, 

2004). The justification which can counted out here is that: 

Educational system can develop scientific skills of both 

sexes especially in mathematics. 

In conclusion the present study confirms the existence of 

the relation between spatial relations, intelligence, grouping 

and mathematical ability by using spatial relation 

perception questionnaire and Raven intelligence test. The 

results also show that these variables predict success in 

mathematics and reveals that the students with higher rate 

of intelligence are more successful in mathematics than the 

other classmates. Also the results of this study confirm the 

results by Mash and Barkly (2003). Because the results are 

specified more generally as progress in mathematics is 

related to visual-spatial ability, visual perceptive abilities 

and other elements. For example, the researchers have 

understood the clear relation between mathematics progress 

and general intelligence and verbal ability. More over there 

are a lot of correlation between mathematical function and 

emotional features like attitude, interest and anxiety (Mash 

and Barkly, 2003). 

Our findings, indicating a close relation between spatial 

skills and math outcomes in middle-school boys, suggest that 

even at this age, boys may be using spatial reasoning in 

solving mathematical tasks. The lack of a parallel relation in 

middle-school girls suggests that they do not rely on spatial 

skills as much as boys do in solving math problems. Thus, it 

becomes exceedingly important to focus the attention of 

educators both on the development of students' spatial skills 

and on facilitating their ability to apply spatial reasoning to 

problem solving across mathematical and scientific domains, 

which could benefit all students and girls in particular 
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(Ganley and Mix, 2011). Among spatial skills, mental 

rotation ability in particular has been identified as a powerful 

predictor of students' math test scores (e.g., Casey, Nuttall, 

Pezaris & Benbow, 1995; Reuhkala, 2001). One of the key 

cognitive factors implicated in math achievement is spatial 

reasoning (Ganley and Mix, 2011). Spatial skills are not only 

important in their own right but also because they are related 

to mathematical achievement (Clements & Sarama, 2007; 

Robinson, Abbott, Berninger, & Busse, 1996) and likely play 

a causal role in improving mathematical skills (Newcombe, 

2010; Mix, Moore, & Holcomb, 2011). Correlational studies 

confirm that spatial ability is related to math ability 

throughout development, including the early elementary 

grades. Research also indicates that quantities are 

represented in spatial formats (i.e., the mental number line 

and object files) beginning in early childhood and persisting 

into adulthood. All that said, it is not clear that spatial 

training would need to transfer to other spatial tasks to have 

an impact on math. There may well be productive 

connections between spatial training and math, even if these 

do not transfer to other spatial tasks, because the transfer 

could occur at a very specific process level. In fact, it is 

possible that certain spatial tasks are more similar to certain 

math tasks than they are similar to other spatial tasks if the 

same processes are engaged. 

A recent study by Grissmer et al. (2013) provided 

experience to kindergarten and first-grade children with 

sets of visuospatial toy that required them to copy model 

designs. Although these activities were not specically 

mathematical in nature, they improved children’s 

mathematical skills. 

Another study by Cheng and Mix (2012) showed that 

training on a mental rotation task with 6- to 8-year-olds 

improved performance on calculation problems and the use 

of place value concepts. Kamii, Miyakawa and Kato (2004) 

also found that a range of skills that are both spatial and 

mathematical in nature appear to develop concurrently in 

children’s block building. Furthermore, Gobel, Walsh and 

Rushworth (2001) found that similar areas in the brain 

respond when individuals engage in space and mathematics 

processing (see Umilt, Priftis, & Zorzi, 2009, for a review). 

Thus, visual-spatial skills and mathematics, traditionally 

taught separately, regularly call on a shared set of 

foundational skills and may have a significant amount of 

overlap. 

Based on the results and limitations of the this study, it is 

suggested that some other studies should be done on the 

different groups of the students, specially students with 

learning disorders, behavioral, emotional difficulties and 

mental retardation to ensure generalization of the results of 

this research. Further research is clearly needed to 

completely understand the nature of these effects—the 

critical variables that mediate these training effects and a 

full description of the links between specific spatial skills 

and specific math skills. However, the present findings are 

important because they provide at least an existence proof 

that spatial training can improve math performance. 
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