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Sex Related Differences In 
Spatial Ability , Mental Imagery And Concept 

Achievement In Geometry ( Polygon ) 
Amongst Formal Operations Stage Pupils Of Aden 

Governorate ( Yemen ) 
Mahyoob M.,A. Abaade 

Abstract: Numerous authorities of investigators and educationists attracted 
to the Piagetian theory of cognitive development among children. Most 
studies were to find out relations ofPiaget's Concepts of space and mental 

imagery acquired spontaneously with mathematics concepts acquired 
through formal constructions as well as to reveal other relations on sex­
related differences for pupils who were going through Piagetian final stage 
formal Operations of cognitive development. 

This work and its results encouraged the present investigator to do 
and reveal that for the Yemen pupils. 

The investigator administered three tests in space, mental imagery 
concepts and geometry concepts (Polygon) for 728 pupil's ( 380 male and 
348 female ) of co-education schools in Aden Governorate (Yemen ) were 
in the Piagetian formal operations stage . 

The result statistically confirmed no significant differences were 
found between boys and girls in each of the three tests at the formal 
operations stage. 

·----

Introduction: Majority of psychologists investigating cognitive 
development among children, especially piagetians, hold that concepts are 
formed spontaneously in the child not only through the pre-school stage but 
also during the stage of schooling as well. The kind of concepts that a child 
acquires through the spontaneous efforts during the active involvement and 
interaction with the world may therefore be identified as basic or 
fundamental concepts (e.g. concepts of space). While the level of conceptual 
maturation of the child by assessing the level of acquisition of these basic 
concepts and identifying its relationship with the level of concepts acquired 
in specifically designed teaching - learning situations (e. g. concepts of 
geometry), we may well arrive at such an understanding that can help us to 
put the two kinds of concepts in consonance with each other. As concepts of 
space including mental imagery are formed gradually and spontaneously 
through interaction in the world around, these concepts would be the basic 
concepts, while on the other hand, geometrical concepts, are acquired 
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through deliberate teaching or through formal instruction and hence they 
would be achieved concepts. Accordingly, the newtrends of mathematics 
education and of curriculum in the last three decades in the world around, 
the main emphasis has been on conceptual learning. 

Concurrently, mathematics educators too started taking a serious 
interest and began to concern themselves with the problem ofunravelling 
the relationship between spatial abilities and mathematics achievement. 
Most studies supported the existence of positive and significant relationship 
between spatial abilities and mathematics achievement in general and 
achievement of geometry in particular. Siegvald ( 1944) found strong 
evidence in the relationship between space visualization and geometry 
achievements. Smith with his associates (1948 , 1954 ) also found a higher 
correlation of spatial tests with examination scores in geometry than with 
arithmetic and algebra . Barakat ( 1951) administered a battery of tests on 
two equal groups (age range 12+ to 14+ years), one normal and the other 
retarded in mathematics, and found that ability on spatial tests correlated 
more highly with ability in geometry than in algebra, and the pupil retarded 
in mathematics appeared to be deficient in spatial abilities. MacFarlene 
Smith ( 1964) argued that spatial ability was essential for mathematical 
achievement. Fennema and Sherman ( 1977) provided support for this 
conclusion, they found that the correlation between mathematics 
achievement and spatial visualization were approximately as high (r = 0. 5) 
as the correlation's between mathematics and verbal ability. 

Studies in USSR as well as studies in other non-English speaking 
countries, led to similar findings that spatial abilities have significant rela -
tionship with mathematics achievement in general and with geometry in 
particular . Krutetskii (1976) reported that 57% ofthe teachers assessed the 
spatial ability as a determinant of mathematical achievement in school 
children, and observed that " you can't take a step in geometry without this 

". He considered mathematics as " the science of numerical relations and 

spatial forms··, and concluded that, "an ability for spatial concepts, which is 

directly related to. . . . Geometry (especially geometry of space) is one of the 

component of mathematical abilities ". 

Numerous authorities on the basis of their studies observed that up 
until adolescence, girls and boys show no more difference in mathematics 
achievement than they show in general intelligence. It has been argued that 
girl, marked decline in mathematics achievement at adolescence is linked to 
deficiencies in spatial ability. Maccoby andjacklin (1974) reported that at 
approximately 13-14 years old, boys begin to perform at higher level than 
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girls and they tend to increase this advantage throughout their adolescent 
period. A study was conducted by Mirza (1975) for 48 adult subjects (24 
with formal schooling up to tenth grade and 24 with post secondary 
education) and the subjects with each educational category were grouped 

. into two age groups viz. Younger group with 18-25 years and the older 
group of 26 years and above with an equal number of men and women in 
each category. The findings indicated that no significant differences existed 
on the basis of age and sex on Piaget's pendulum test and Piaget's liquid test 

except in the case of vocabulary subject of Wechsler Adult Intelligence 
Scale (W AIS) where age was significant (p< 0.05). 

Other studies were also conducted by Basmajian (1978), Seip 
(1979), Stallings (1979) , Sherman (1980) and Smith (1980). Basmajian's 

( 1978) data collected from a total of 83 junior students led to the following 
conclusions: (i) formal operational students achieve at a significantly higher 
level than do non- formal operational students, (ii) although results indicate 
that the male students did consistently achieve at a higher level than 
females, gender did not significantly affect the level of achievement, (iii) 
age was not a significant factor in the level of achievement attained by 
students in either cognitive group (Basmajian , 1978) . Seip ( 1979) 
administered three mental imagery tasks on a sample of 60 children aged 6 
to 11 years to analyze the relation between static or reproductive and 
anticipatory mental imagery as defined by Piaget and Inhelder (1971). He 
reported that in each task significant sex differences were not obtained. 
While Stalings ( 1979) reported that spatial ability distinguished between 
those girls who continued their mathematical study and those who did not 
(Stallings , 1979) . Sherman ( 1980) found that spatial visualization scores 
were more highly predictive of mathematical attainment for girls than for 
boys (Sherman , 1980) Smith (1980) conducted his investigation on 722 
students enrolled in the science classes of three high schools , the student 
were classified as concrete operational , transitional , or formal operational. 
The results indicated that there was a significant relationship at the 0.05 
level between scholastic achievement and Piagetian stages of cognitive 
development and the students who were formal operational tended to 
receive higher scholastic grades in science than those students who were 
concrete operational or transitional. The findings also revealed that there 
was no significant difference between the sexes regarding their cognitive 
developmental stages or their scholastic grades (except in physical science). 

For mathematics achievement and spatial abilities, Ben - haim 
(1982) took a sample of 430 subjects from VI, VII and VIII grade students to 
study sex differences in spatial visualization abilities and attitude towards 
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mathematics before and after instructional intervention . The results prior to 
instruction were significant that, (i) grade differences in spatial visualization 
performance (increasing with age) and in attitudes towards mathematics 
(decreasing with age) , (ii) sex differences in spatial visualization 
performance (favouring boys) , but no sex differences in attitudes towards 
mathematics , and (iii) site differences in spatial visualization performance ; 
as the socio-economies status rose , the performance increased . After the 
instruction: (a) the subjects (both boys and girls) performed significantly 
higher on the spatial visualization test, though on change in attitudes toward 
mathematics occurred, (b) . boys and girls gained similarly from the 
instruction, inspite of initial sex differences, ( c ) students' attitudes toward 

mathematics and spatial visualization were similar , (d) grade differences 
(decreasing with age) in attitudes spatial visualization were found , but no 
sex differences and (e) retention of effects persisted . 
Tartre (1984) intended to explore the role of spatial orientation (SO) skill 
(which requires that the subject readjust his perspective to become 
consistent with a representation of an object presented visually) in the 
solution of mathematics problems and to identify possible associated sex­
related differences. Form a random sample of 97 tenth grade students, a 
sample of 57 students who scored high or low on the Gestalt completion test 
was selected to be interviewed. Those 57 students (30 females, out ofthem 
13 high SO and 17 low SO, and 27 males, out ofthem 14 high SO and 13 
low SO ). Data indicated that SO skill was involved in understanding a 
mathematics problem and linking new problems to previous work. High SO 
females achieved as well or better than the male group. However, the low 
SO females scored lower than the other groups on mathematics achievement 
and for many tasks involved in solving mathematics problems. 

Boldwin ( 1984) investigated experimentally if practice effect due to 
training in spatial skill could be demonstrated, and if these effects 
transferred to improve mathematics achievement for a sample of 88 at Vth 
and Vlth grade students in four intact classes from two schools. The results 
indicated that (a) spatial skills ofthe sex students can be improved through 
instruction (p<0.01), (b) there is no evidence that sex differences are 
associated with spatial ability at this level if pretest information is taken into 
consideration, ( c ) instruction in spatial skills can significantly improve the 
performance of female subjects (p<0.01), (d) instruction can significantly 
improve the performance of subjects of either sex with medium (p<0.01) or 
low (p<O. 11) spatial ability , and (e) there is a positive linear relationship 
between mathematics achievement and spatial ability but instruction in the 
latter had no effect on mathematics achievement for the total students 
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sample or for students of low, medium , or high spatial ability taken 
separately . 

In view of the preceding studies and realizing that the spatial and 
cognitive abilities are not two of significant intellectual abilities only but 
also these have a determining effect upon geometry achievement, therefore, 
the understanding and application of the denoted abilities not only suggest 
as means of facilitating a better match between the curriculum and the 
mental abilities of the learner, but also suggest viable determiners of 
scholastic achievement in geometry (Mahyoob , 1989) . 

Though there is a sufficient evidence of no sex - differences, yet 
some evidence on the contrary calls educators to explain observed low 
scores of most girls on spatial tests as a determiner of low performance on 
achievement in mathematics. This led to this investigation with the 
following objectives. 

Objectives: 
This study as a pioneer one in Yemen aimed at revealing whether 

there exist sex-related differences in mental imagery, spatial abilities and 
concept achievement in geometry for Aden Governorate pupils at the formal 
operations stage , of age - groups 11 to 16+ years . 

Hypotheses: 
The main hypotheses of this study was there exist significant 

differences between boys and girls in favor ofboys at the formal operations 
stage of Aden Governorate pupils (Yemen) in all the tests of mental 
imagery, spatial concepts and concept achievement in scholastic geometry. 

Tools: 
The tools were three tests: adapted, developed and constructed for 

Arabic medium pupils from Piagetian experiments (56,60 and 71) and other 
replication studies as well as from tests developed by Mahyoob ( 1989) 
These tests were: 

I - Test of Concept Achievement in Geometry (polygon- Triangles 
and Quadrilaterals, exclusively as contained in our text -books) to measure 
the pupils, handling of various concepts in polygon components. For this 
purpose I 04 items were constructed on the basis of Ganges hierarchical 
structures of prerequisites and capability concepts and contained four sub 
tests were (a) Basic concepts related to elements of a polygon -34 items, (b) 
Concepts related to properties of a triangle - 22 items, (c) Concepts related 
to properties of quadrilateral -20 items, and (d) Relations between polygons 
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(triangles and quadrilaterals) -28 items. All these items were of completion, 
true-fles, matching and multiple choice varieties. 

II- Test of maturation of General Space Concept on the basis of 
Piagetian experiments -3 5 items. These items were classified into 
topological -7 items, projective -9 items, and Euclidean -19 items. All these 
items were of three or four alternatives. 

III-Test of maturation of Mental Imagery Concept on the basis of 
Piagetian experiments - 68 items. These items were classified into four 
constituents: Anticipatory Transformation Images of product - ATP (30 
items), Anticipatory Transformation Images of Modification - ATM (10 
items), Kinetic Anticipation of product - Akp ( 18 items), and Kinetic 
anticipation ofModification- AKM (10 items). All these items were of four 
alternatives. 

Procedures: 
Test try-out: All of the three tests were compiled after a test try-out 

on a sample of pupils at the formal operations stage in an area schools not so 
far of the districts where the actual test schools will be selected, adopting the 
usual criteria of difficulty and discrimination indnices to select items for the 
final forms. 
Final forms of administration: The investigator planned to select test 
schools, administrate the tests and to perform other requirements by helping 
and advice of his colleagues, test schools teachers and other concerned and 
experienced educationists of Aden Governorate. The three tests were 
administered during one school day for each class in which these classes 
were in the base of even numbers to be selected. Four test sessions were 
held with ten minutes gap between two sessions. 

Sample: 
The study was conducted on five government co-education unity 

schools at two districts represented about half of the school number of one 
province out of three provinces form the Aden Governorate. These schools 
were suggested by experienced and concerned educationists of General 
Directory of Education Aden Governorate to be selected that was to give a 
good representative of the eco-social and cultural status of the society. The 
sub-samples were selected at VI, VII and VIII grade· level of each school 
belonging to age group 11 + to 16+ that is of formal operational stage. The 
total of this sample was 728 students, out of these 348 were girls and 380 
were boys. The following table ( 1) shows the distribution: 
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Table (I) showing this Sample Distribution 
Grade Boys Girls Total 
VI 132 121 253 
VII 121 112 233 
VIII 127 115 242 
Total 380 348 728 

Result: 
TO identify whether the boys or the girls of the formal operational 

stage were better or equivalent to the others in spatial ability, mental 
imagery and concept achievement of polygon; the statistical analysis ofthe 
data collected is shown in the following table: 

Table (II)- showin! the statistical analysis of the data collected 
Test Group No-of Mean S.D. Standard t df 2- prob. 

cases Error value tail 
Mental Male 380 26.8395 10.099 0.518 
Imagery 0.90 726 0.366 

Female 348 26.1839 9.338 0.503 
Space Male 380 14.7763 5.379 0.276 

1.33 726 0.183 
Female 348 14.2845 -1-.500 0.241 

Geometry Male 380 39.7710 16.551 0.849 
ach. 0.16 726 0.875 

Female 348 39.5805 16.058 0.861 

Therefore, to unravel whether the two groups differ significantly in 
mean performance to enable us to say with confidence that there is a 
difference between the means of the populations from which the two 
samples were drawn, the statistical computations in the above table (II) for 
the three variables showed that: 
(i) Mental imagery t-value was 0.90 which for df 726 is less than 1.96 

therefore, no significant difference exists in acquisition of mental 
imagery concepts between girls and boys of Aden Governorate school 
students for the sample at formal operational stage of VI, VII and VIII 
grade levels. 

(ii) Again, space concept t-value was 1.33, for df 726 is less than 1.96, 
therefore, no significant difference exists in acquisition of space concept 
between girls and boys of Aden Governorate school students for the same 
sample at formal operational stage. 
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(iii) Lastly, concept achievement of polygon t- value was 0.16, for df726 is 
less than 1. 96, therefor, no significant difference exists in acquisition of 
concept achievement of polygon for the same sample at the formal 
operational stage. 

Conclusion: 
Firstly, the pervious related studies, showed that: 

(a)There is a strong evidence in the relationship between spatial ability and 
Geometry achievement, as in the studies of Siegvald ( 1944 ), Smith and 
His associates (1948, 1954 and 1964) and Fennema and Shaman (1977). 

(b )Spatial ability is one of the components of mathematical ability espe -
cially geometry of space and considered as a determinant of school 
Mathematical achievement as in the studies ofKrotetskii ( 1976 ) and 
Mahyoob( 1989). 

( c )At adolescence period which is nearly corresponding the formal 
operational stage at Piagetians, boys begin to perform at a higher level in 
mathematics than girls , where other authorities refer that to girls ' 

deficiencies in spatial abilities at this period as in the studies ofMaccoby 
and Jacklin (1974), Basmajian (1978), Smith (1980)andBen-Heim 
( 1982) . This is why as mentioned earlier sex-related differences in 
spatial abilities as well as in achievement of geometry is still an open 
one. 

Secondly, this study based on a sample of Yemeni pupils at 
Piagetian formal operational stage confirmed that: 

At this period, there is no significant differences in each of spatial 
concepts, mental imagery concepts and concept achievement of scholastic 
geometry between boys and girls of Aden Governorate, that is , the main 
hypothesis is rejected . Also this result evaluates the opinion that boys begin 
to perform at a higher level in mathematics than girls where some 
authorities referred that to girls ' deficiencies in spatial abilities at this stage. 

As well as the positive result of this study may be due to the effect of the 
wide and comprehensive concepts of modem mathematics where our school 
textbooks are described as rich with spatial ability concepts. At the ~arne 
time, the investigator suggests other follow up studies to find out 
interpretations that high percentage of secondary school girls join the Art 
Section, whether as a self desire or as negative attitudes towards 
mathematics or something else. 
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