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CHAPTER I

INTRODUCTION

1.0.0 INTRODUCTION

The present study entitled “Developing Spatial Ability of Visually Impaired Children” is related to the enhancement of spatial abilities in visually impaired children.  Spatial ability is a collection of cognitive skills which are responsible for the performance of the individual in different walks of life.  The present study is experimental in nature wherein a package to improve the spatial ability was developed and its efficacy was studied.  The spatial abilities of visually impaired was compared with that of blindfolded sighted children.

In this chapter, the details in respect of Meaning of Spatial ability, Importance of Spatial ability, Possibilities of improving Spatial ability, Need to improve Spatial abilities in visually impaired children, Rationale of the present study, Statement of the problem, Objectives of the study, Hypotheses and Delimitations have been given in separate captions.

1.1.0 SPATIAL ABILITY

In the literature, the concept of spatial ability is used for the abilities related to the space.  Spatial ability is a kind of mental activity which includes processes of creation of spatial images and operation by them.  It may be defined as the ability to generate, retain, retrieve and transform well-structured visual images.  Two major components of spatial ability have been identified.  They are spatial relations and spatial visualization (McGee, 1979).
1.1.1 Spatial Relations

In standardized spatial ability tests, spatial relations tasks involve 2D and 3D rotated version of the original stimulus.  This factor seems to tap the ability to engage rapidly and accurately in mental transformation or rotation processes for judgments about the identity of a pair of stimuli (Pellegrino et al. 1984).  Indeed the stimulus is rotated as a whole body.

1.1.2 Spatial Visualization

Spatial visualization is described as the ability to imagine rotations of objects or their parts in 3D space (Burnet & Lane, 1980).  The manipulation could be in a holistic, as well as piece by piece fashion and the movements must be imagined (Clement & Battista, 1992).  In a short definition, spatial visualization is the mental manipulation and integration of stimuli consisting of more than one part or movable parts.

1.2.0 IMPORTANCE OF SPATIAL ABILITY

Spatial ability may be defined as the ability to generate, retain, retrieve and transform well-structured visual images.  There are several spatial abilities, each emphasizing different aspects of the process of image generation, storage, retrieval and transformation.
Spatial abilities are pivotal constructs of all models of human abilities, for example, Guliford (1967) devoted one slice of his structure of the Intellect model to them.  According Shepard (1978) high levels of spatial ability have frequently been linked to creativity, not only in the Arts, but in Science and Mathematics as well.
In Psychology Shepard (1978, 1990) stated the role of spatial imagery in his own thinking.  Involuntary dream images were the source of many of his most creative and influential contributions, including the idea for his experiment with Metzler on mental rotation, the first method of non metric multidimensional scaling, and the Computer Algorithm underlying additive non hierarchical cluster analysis.
Smith (1964) and Ghiselli (1973) summarized studies in which spatial tests have been used to predict job performances.  Spatial tests add little to the prediction of success in traditional school subjects; even Geometry after the general ability has been entered into the regression.

There are several possible reasons for the gulf between the theoretical importance of spatial abilities and their practical utility in predictive studies.  First it may be that, beyond some minimum level of competence, spatial abilities are simply not that important for success in school or work.  Second, the strength of spatial ability relative to other abilities, particularly verbal and phonemic fluency abilities, may be more important for predicting how problems are represented and solved rather than whether they can be solved.  Third, the criterion measures used in most studies may be biased in favour of other abilities, such as verbal or reasoning skills. Fourth, existing tests may not be very good measures of spatial abilities.

1.3.0 MEASURING SPATIAL ABILITIES 

Spatial abilities have been measured using four different types of tests: performance tests, paper-and-pencil tests, verbal tests, and film or dynamic computer-based tests. Performance tests were the earliest. Form board, block manipulation, and paper-folding tasks were among the items which Binet and Simon (1916) used to measure the intelligence of children. Others created entire tests of a particular item type, such as form boards or blocks. Many of these tasks are used in contemporary intelligence tests as measures of performance or nonverbal intelligence. Another type of performance test seeks to estimate the ability to function in large-scale space. However, measures of the ability to orient oneself, to find efficient routes between locations, etc., show at best moderate correlations with other measures of spatial abilities, perhaps in part because such tasks may be solved in ways that do not demand analog processing. 
Paper-and-pencil tests of spatial abilities have an even more extensive history. Many such tests have been devised over the years. Eliot and Smith (1983) give directions and example items for 392 spatial tests, most of which were used in factorial investigations of abilities. Early factor analyses sought to demonstrate the existence of one or more spatial factors. Some researchers, particularly those in Britain, were satisfied when they showed that a single spatial factor could be identified in the correlations among spatial tests once the general factor had been removed. These researchers tended to construct tests of spatial abilities that contained several different types of items and to study young, age-heterogeneous samples. American researchers used different methods of factor analysis, more homogeneous tests, and older, more homogeneous subject samples, and therefore, identified many different spatial factors. 

Verbal tests of spatial abilities have received much less attention, despite the fact that they often show high correlations with other spatial tests and various criterion measures. In this type of test, examinees must listen to a problem, presumably one that requires construction of a mental image, and then answer one or more questions. Many cognitive tasks often require or at least benefit from the ability to construct a mental image that can be coordinated with linguistic inputs. 
Although spatial tests may require subjects to transform objects (such as by rotating or transposing them mentally), they typically present static objects. Some have hypothesized that the perception of dynamic spatial relationships involves somewhat different abilities. Gibson (1947) and later Seibert and Snow (1965) developed a variety of motion picture tests that were designed to measure these dynamic spatial abilities. However, individual differences on most dynamic spatial tasks appear to be well accounted for by performance on factors defined by paper-and-pencil tests. Pellegrino and Hunt (1989) have devised several computer-administered tests of dynamic spatial abilities. Results showed that individual differences in the ability to predict object trajectories and arrival times can be reliably measured and load on different factors than performance on paper-and-pencil tests. 
1.4.0 POSSIBILITIES OF IMPROVING SPATIAL ABILITY

Ben-Chaim et al. (1988) observed although there are some what conflicting results in the literature regarding whether spatial ability can be improved numerous studies have indicated that it can be improved through training if appropriate materials are provided.  The timing and the content are two crucial elements to be considered in designing instructional tasks to improve spatial ability.  There is evidence that spatial ability seems to reach a plateau at puberty and begins to decline in the later twenties due to the aging effect.  Ben-Chaim (1988) suggested that seventh grade is an optimal time for teaching of spatial tasks.

1.5.0 PRACTICE AND TRAINING EFFECTS 

Spatial tests often show substantial practice effects. Retest gains range from 0.2 to 1.2 SD, effects being somewhat larger for simpler tests, shorter retest intervals, and subjects who are given feedback. 
Lohman (1986) found that Spatial Abilities can be improved with practice and training, even though particular courses of instruction (such as engineering drawing) have inconsistent effects. This may in part reflect the fact that treatments designed to improve performance on spatial tasks often are disruptive for high verbal ability subjects. One possibility is that these treatments impose or induce external regulation of performance. External regulation may compensate for the inadequate self-regulation activities of low verbal subjects, but interfere with the self-regulation activities of high-verbal subjects. 
Although short-term studies often produce small or conflicting findings, Balke-Aurell's (1982) study of the effects of tracking in the Swedish secondary school system suggested that the cumulative effects of differential educational and work experiences can be quite large. Students educated in schools using a verbally-oriented curriculum showed greater growth in verbal abilities than spatial abilities, whereas those educated in schools using a technical curriculum showed greater growth in spatial abilities. 
1.6.0 NEED TO IMPROVE SPATIAL ABILITY IN VISUALLY IMPAIRED

During creation of spatial images and operation by them, the main role belongs to thinking, representation, imagination etc.  The spatial thinking is exhibited as essential element of playing, educational, labour activity of the child that is in activities, where it is necessary to use skills to be oriented in space.  Therefore the spatial thinking development has very important correctional value for visually impaired school children: having seized receptions both modes of creation and operation by spatial images, the children gains skills permitting to them to perfect practice Orientation & Mobility in space, to improve the quality studies of school subjects firstly Mathematics, Arts, Geography, Drawing etc.  All this will promote the many-sided development of the school children and their successful social adaptation.

1.7.0 INDIVIDUAL DIFFERENCES IN SPATIAL ABILITY 

Although research and theory in cognitive psychology and artificial intelligence suggested much about the nature of spatial knowledge and processes, it does not explicitly address the source of individual differences in spatial processing.  Spatial abilities may be explained by individual differences in (a) speed of performing analog transformations, (b) skill in generating and retaining mental representations that preserve configural information, (c) the amount of visual-spatial information that can be maintained in an active state, or (d) the sophistication and flexibility of strategies available for solving such tasks. 

The most popular hypothesis has been that spatial abilities may be explained by individual differences in the speed with which subjects can accurately perform analog mental transformations, particularly rotation. Correlations between rate of rotation and spatial ability vary from highly negative to moderately positive. Correlations are generally higher for three-dimensional rotation problems than for two-dimensional problems and for practiced than for unpracticed subjects. On the other hand, correlations between overall error rates and spatial reference tests are often quite high. Indeed, although rate of information processing on rotation tasks and accuracy levels achieved under liberal time allotments are necessarily confounded, differences between high and low spatial subjects are much greater on the accuracy score than on a rate of information processing score.  The amount of information that can be maintained in an active state of working memory is more important than rate of processing that information in accounting for individual differences in spatial ability. 
1.8.0 RATIONALE OF THE STUDY
Spatial ability is the pivotal construct of all models of human abilities.  How far we understand and represent the space around us is part of how we think and act.  Spatial tasks ask where something is, and how locations relate to each other.

Vision is the most obvious source of information we have.  But it is paradox to note that persons without sight from birth can be excellent at game like chess which depend essentially on thinking about movement and locations in space.  Researches identified the main difficulty for children who were congenitally totally blind is the spatial tasks especially if these require mental spatial recognizations.  Miller (1994) expressed that like vision, touch and movement together provide information about shape, configurations and the relation between the surfaces.  Children without sight tend to use body-centered surface frames as well as memory for movement information.  Vision is not, of course,  the only modality that provides the reference cues which spatial coding demands.  Almost all sensory systems contribute to the information on different forms of spatial organization depend.
Spatial abilities are now understood as important to high order thinking in science, mathematics for the ability to generate and rearrange and creativity in many dimensions.  Harward Gardner (1997) observed that Spatial ability is one of the cognitive skills which collectively called intelligence.  As per Clements and Bathisha (1992) spatial thinking is essential for scientific thought.  It is used to represent and manipulate information in learning and problem solving.


A number of studies reveal that the Spatial ability of Visually Impaired is no way lesser than the sighted when they tested in blind-fold.  Spatial ability is of paramount importance to Visually Impaired children to learn science and mathematical concepts, verbal and phonemic fluency, Orientation & Mobility and problem solving.  This important area is completely neglected in the academic and functional curriculum of Visually Impaired children.  There are hardly studies available in this area in Indian context.  Hence an investigation was planned in this direction to train the Visually Impaired children in Spatial ability using appropriate activity.  This study intended to give specific information on the Spatial ability of Visually Impaired children, activities to develop Spatial ability and the training instructions to develop Spatial ability.  Therefore it was considered important to plan a study in the educational setting.
In this study the performance in the components of spatial ability name Distance Estimation, Mental Rotation, Delineation, Assembly, Rotational Displacement and transformation were studied as dependent variable in relation to Type of children, Gender and Grade as independent variables besides treatment in the present Experimental study.
1.9.0 STATEMENT OF THE PROBLEM

The title of the study is “DEVELOPING SPATIAL ABILITY OF VISUALLY IMPAIRED CHILDREN”.
1.10.0  DEFINITIONS OF THE TERMS USED

a. Spatial

Spatial is “referring to or characteristic of a certain locality, especially in reference to its location in relation to other places" 
-    [Macquarie Dictionary].
b. Spatial ability


Spatial ability may be defined as the ability to generate, retain, retrieve and transform well-structured visual images. (Lohman, 1993)

It is the “ability to perceive the construction of an object in both two and three dimensions”. Spatial ability has four components: the ability to perceive a static figure in different positions, the ability to interpret and duplicate the movements between various parts of a figure, the ability to perceive the relationship between an object and a person's own body sphere, and the ability to interpret the person's body as an object in space.
c. Spatial Thinking


Spatial thinking is a form of thinking which involves a collection of cognitives skill that consists of declarative and perceptual forms of knowledge and some cognitive operations that can be used to transform, combine or otherwise operate on this knowledge.

d. Mental Rotation
Mental rotation is the ability to rotate mental representations of two dimensional and three dimensional objects.
e. Delineation 


Delineation involves operation by spatial images with change in spatial image position only.

f. Rotational Displacement


Rotational Displacement required operation by spatial images with change in spatial image structure only.
g. Transformation


Transformation involves operation by spatial images with combined change of spatial  position of the image  and its structure.

h. Assembly  

Assembly means putting together of the parts to make a completed product.  It is the act of constructing something.

i. Visually Impaired

j. Blind folded sighted


Sighted children are simulated as blind by occuluding the eys with folder.

k. Integrated School


In Integraed school visually impaired children are educated with the sighted children in regular schools with the assistance of a specially trained resource teacher.
l. Residential School 


Residential school for visually impaired may be defined as a boarding school offering education and care to blind  children from ages 3 to 21 or from pre school to high school.  These schools attempt to povide complete education and care for the blind children.  

-       (Frampton & Kerney, 1953).
m. Regular School


The school in which non disabled students are educated is called Regular school.
1.11.0 OBJECTIVES OF THE STUDY

1. To compare the Pre mean scores and Post mean scores separately of students belonging to Experimental and Control Group in the tests namely Distance Estimation and Mental Rotation

2. To compare the Pre and Post mean scores of Boys and Girls belonging to Experimental and Control Group in the tests namely Distance Estimation and Mental Rotation separately.

3. To compare the Pre and Post mean scores of Lower and Higher Grade students belonging to Experimental and Control Group in the tests namely Distance Estimation and Mental Rotation separately.

4. To compare the means scores of Experimental and Control Group in the tests namely Delineation and Assembling separately.
5. To compare the mean scores of Boys and Girls belonging to Experimental Group and Control Group in the tests Delineation and Assembly separately.

6. To compare the mean scores of Lower Grade and Higher Grade students in Delineation test.
7. To compare the mean scores of Experimental and Control Group in the tests namely Rotational Displacement and Transformation separately.

8. To study the influence of Gender and Type of School and their interaction on Distance Estimation by considering respective Pretest scores as covariates.

9. To study the influence of Grade and Type of School and their interaction on Distance Estimation by considering respective Pretest scores as covariates.

10. To study the influence of Gender and Type of School and their interaction on Mental Rotation by considering respective Pretest scores as covariates.

11. To study the influence of Grade and Type of School and their interaction on Mental Rotation by considering respective Pretest scores as covariates.
1.11.0  HYPOTHESES OF THE STUDY

1. There is no significant difference between the Pre mean scores and Post mean scores of students belonging to Experimental and Control Group in the tests namely Distance Estimation and Mental Rotation.
2. There is no significant difference between the Pre and Post mean scores of Boys and Girls belonging to Experimental and Control Group in the tests namely Distance Estimation and Mental Rotation separately.

3. There is no significant difference between the Pre and Post mean scores of Lower and Higher Grade students belonging to Experimental and Control Group in the tests namely Distance Estimation and Mental Rotation separately.

4. There is no significant difference between the means scores of Experimental and Control Group in the tests namely Delineation and Assembling separately.
5. There is no significant difference between the mean scores of Boys and Girls belonging to Experimental Group and Control Group in the tests Delineation and Assembly separately.

6. There is no significant difference between the mean scores of Lower Grade and Higher Grade students in Delineation test.
7. There is no significant difference between the mean scores of Experimental and Control Group in the tests namely Rotational Displacement and Transformation separately.

8. There is no significant influence of Gender and Type of School and their interaction on Distance Estimation by considering respective Pretest scores as covariates.

9. There is no significant influence of Grade and Type of School and their interaction on Distance Estimation by considering respective Pretest scores as covariates.

10. There is no significant influence of Gender and Type of School and their interaction on Mental Rotation by considering respective Pretest scores as covariates.

11. There is no significant influence of Grade and Type of School and their interaction on Mental Rotation by considering respective Pretest scores as covariates.
1.12.0  SCOPE OF THE STUDY


Spatial Ability is a neglected area in the case of a Visually Impaired child.  By this study importance will be given to improve the Spatial Ability of Visually Impaired children.  With the use of training strategies given in this study, the teacher can train the students in developing their Spatial Ability.  The student can be benefited through the training package developed, in improving their Spatial Ability.  The training institutes can include activities that will develop the Spatial Ability of the students while planning curriculum.  It will also helpful for the parents to give activities that develop the Spatial Ability of their children.  
1.13.0  DELIMITATIONS

The following are the limitations of the study:-

1. The present investigation being an Experimental study was confined to 60 samples.

2. The study was confined to only two districts (Coimbatore & Madurai in Tamil Nadu)

3. The study was confined to totally blind students.

4. The study was confined to students from class VI to X

1.14.0  ORGANISATION OF THE THESIS

The study of “Developing Spatial Ability of Visually Impaired Children” is reported in five chapters.

First Chapter includes the Introduction, Definition of the technical terms, Objectives, Hypotheses, Need and Scope of the study.

The Second Chapter presents the Review of Literature related to the topic. 

The Third Chapter deals with the Method of Administration and Collection of Data.

The Fourth Chapter consists of the Classification, Analysis and interpretation of the data in the form of tables.

The Fifth Chapter presents the summary of the Findings, Discussions, Recommendations, Suggestions and Conclusion. This is followed by a Bibliography and Appendices.   
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CHAPTER II

REVIEW OF RELATED LITERATURE

2.0.0 INTRODUCTION


This chapter reviews the important literature related to the study.  It provides a background for the development of the present study and brings the reader up to date.

According to Devadas R.P and Kulandaivel (1976) “Review of research literature is made to develop a background for planning the research to obtain information concerning techniques, equipment and potential problem to avoid unnecessary duplication of work of others”

A literature review is an account of what has been published on a topic by accredited scholars and researchers.  A review may be a self-contained, unit an end in itself or a preface to and rational for engaging in primary research.

Generally, the purpose of a review is to analyse critically a segment of a published body of knowledge through summary, classification and comparison of prior research studies, reviews of literature and theoretical articles.
2.1.0 IMPORTANCE OF REVIEW

It is so organized around and related directly to the thesis or research question.  It synthesizes results into a summary, formulates questions that need further research and identify areas of controversy in the literature.

Literature reviews are critical compilations of previous research that outline established findings, conflicting evidence and gaps in a body of scholarship.  

-   Lee Cuba

2.2.0 SPATIAL ABILITY


Linn and Petersen (1986) identified three categories of Spatial ability by classifying the cognitive process used to solve tasks thought to measure spatial ability.  They are i) Spatial Perception  ii) Mental Rotation  and iii) Spatial Visualization.

Gordeiko (2002) explored the peculiarities of the Spatial thinking in Visually Impaired children.  He conducted a comparative research of Spatial thinking of normally sighted and Visually Impaired school children.  Methods of research consisted of three series of tasks requiring operation of different types by spatial images.  The samples consisted of 62 school children of the last grade level primary school (age 10- 11yrs) 30 normally sighted pupils and 32 Visually Impaired ones without multiple disabilities.  He found that the ability of the child to operate with spatial images for the particular type is compounded with its ability to fulfill an appropriate set of geometrical transformation.
2.3.0 SPATIAL ABILITY AND VERBAL ABILITY

Balke-Aurell (1982) studied the effects of tracking in the Swedish secondary school system.  He suggested that the cumulative effects of differential educational and work experiences can be quite large. Students educated in schools using a verbally-oriented curriculum showed greater growth in verbal abilities than spatial abilities, whereas those educated in schools using a technical curriculum showed greater growth in spatial abilities.
2.4.0 SPATIAL ABILITY OF SIGHTED Vs VISUALLY IMPAIRED
Arditi et al. (1988) compared the Imagery of congenitally blind and normally sighted subjects in two experiments. The results showed that blind subjects imaged objects "within arms' reach", and with only a slight tendency to image larger objects farther from them. In contrast, sighted subjects tended to image larger objects as if they were farther away. In addition, unlike the sighted, blind subjects' images also failed to overflow an "image space" of fixed size. Finally, blind subjects were, with one exception, unable to mimic successfully the responses of a sighted person, when explicitly asked to do so.
Zimler and Keenan (1983) compared congenitally blind and sighted adults and children on tasks presumed to involve visual imagery in memory with three experiments. In all three, the blind subjects' performances were remarkably similar to the sighted. The blind, like the sighted, recalled more high-visual-imagery pairs than any others. The blind performed as well as the sighted on words grouped by color. These results challenge Paivio's theory and suggest either (a) that the visual imagery used by the sighted is no more facilitating than the abstract semantic representations used by the blind or (b) that the sighted are not using visual imagery. This finding suggests that the haptic images of the blind maintain occlusion just as the visual images of the sighted do.
Aleman et al. (2001) explored the ability of congenitally totally blind people who were contrasted with age, sex and education matched with blindfolded sighted subjects, to perform tasks which are mediated by visual mental imagery in sighted people.  The results showed that although blind participants made significantly more errors than sighted participants, they were well able to perform the spatial imagery task as well as the pictorial imagery task. These results shed new light on the question whether early visual experience is necessary for performance on visual imagery tasks, and strongly suggest that vision and haptics may share common representations.
Morrongiello et al. (1995) evaluated the Spatial knowledge in sighted and congenitally blind children using a large-scale four-location navigation task adapted from the work of Landau et al. (1984). Performance on the navigation and mapping tasks consistently indicated increasing cognitive mapping skills with age in sighted children. They found that blind children performed comparably to the sighted on all measures except accuracy at final position, for which their performance was worse than that of the sighted. 

Vanlierde and Wanet-Defalque (2004) studied the abilities and strategies of blind and sighted subjects in visuo-spatial imagery.  An active visuo-spatial memory task was used in order to determine the characteristics of mental imagery in subjects with and without visual experience. Subjects were instructed to generate a mental representation of verbally presented 2D patterns that were placed in a grid and to indicate how many pattern elements were in corresponding positions in the two halves of the grid according to a specific grid axis (vertical or horizontal). Unexpectedly, results showed a similar performance in early blind, late blind and sighted subjects. However, subjects' debriefing showed that the three groups used different strategies. The sighted and the late blind subjects took advantage of a visuo-spatial strategy. They generated a mental image of the matrix and they simplified this image to maintain only the relevant information in memory. In contrast, the early blind subjects encoded each pattern element by its location in a (X, Y) coordinate system without visual representation. It indicated that both early and late blind subjects are able to perform an active visuo-spatial imagery task as well as sighted subjects although they use different strategies.
2.5.0 DISTANCE ESTIMATION
Lederman et al. (1985) investigated the heuristics people use to encode spatial pattern information through touch in seven experiments.  Results revealed that blindfolded sighted and blind observers increasingly overestimated the length of the euclidean line as the length of the explored pathway increased. This indicates a movement-based heuristic for encoding distance. Experiments 5-7 indicated that judgments of the position of the euclidean line did not vary with the position of the felt pathway or the extent to which it deviated from that line. Instead, the results indicated that observers relied on implicit spatial axes, which are movement independent, to judge position.
2.6.0 MENTAL ROTATION AND INFLUENCE OF VISUAL IMAGEY
Shepard and Cooper (1982) have proposed the concept of a "Mental Imagery" facility, which is responsible for the ability to mentally rotate visual forms. Additionally, it has been found it does not matter on which axis an object is rotated, but rather the degree to which it is rotated that has the most significant effect on response time. So rotations within the depth plane (i.e., 2D rotations) and rotations in depth (3D rotations) behave similarly. Thus, the matching requires more time as the amount of depth rotation increases, just as for within the depth plane.
 Sternberg (2006) found that response times increase for degraded stimuli and can decrease when participants are allowed to practise mentally rotating imagery.  This research has been instrumental in showing how people use mental representations to navigate their environments.
Parsons (1987) found that when participants were presented with line drawings of hands rather than Shepard and Metzler-like 3D blocks showed embodiment effects in which participants were slower to rotate hand stimuli in directions that were incompatible with the way human wrist and arm joints move. This finding suggested that the rotation of mental imagery was underlain by multiple neural systems: that is, (at least) a motoric/tactile one as well as a visual one.
Marmor and Zaback (1976) studied the Mental Rotation by the Blind.  Congenitally blind, adventitiously blind, and blindfolded sighted adults made same-different judgments of pairs of tactile forms. Two forms were presented in the same orientation, or one form differed from the other by a clockwise rotation of 30 degrees, 60 degrees, 120 degrees, or 150 degrees. Like the reaction times for the sighted and the adventitiously blind, reaction times for the congenitally blind increased as a linear function of angular discrepancy between stimuli, suggesting that the congenitally blind, like the sighted and adventitiously blind, mentally rotated one form into congruence with the other to make judging easier. Corroboration of the mental rotation inference came from subjects' introspective reports. In as much as the congenitally blind presumably do not have the ability to visually represent form, the results suggested that mental rotation does not depend upon visual imagery.
Ungar et al. (1995) investigated the Mental Rotation of a tactile layout by young visually impaired children.  Mental rotation tasks have been used to probe the mental imagery both of sighted and of visually impaired people. They found that people who have been blind since birth display a response pattern which is qualitatively similar to that of sighted people but tend to respond more slowly or with a higher error rate. It has been suggested that visually impaired people code the stimulus and its (or their own) motion in a different way from sighted people-in particular, congenitally blind people may ignore the external reference framework provided by the stimulus and surrounding objects, and instead use body-centered or movement-based coding systems.

Shepard and  Metzler (1971) originally discovered the phenomenon of Mental Rotation. Their research showed that the reaction time for participants to decide if the pair of items matched or not was linearly proportional to the angle of rotation from the original position. That is, the more an object has been rotated from the original, the longer it takes an individual to determine if the 2 images are of the same object or enantiomorphs.
2.7.0. VISUAL IMAGERY OF BLIND 
De Beni and Cornoldi (1988) conducted research on totally blind subjects performing tasks that involve visual imagery.  The results showed that they do not behave differently from matched sighted subjects, even when their blindness is congenital. If visual imagery is based on visual perception, such tasks may not require visual imagery. In their study visual images are considered as representations maintaining some properties of visible objects and constructed on the basis of information from various sources. Owing to the absence of visual experience, the limitations of such representations are explored in a series of experiments requiring memorization of single nouns, pairs of nouns, or triplets of nouns associated with a cue noun. Recall by blind subjects was impaired when multiple interactive images (with noun pairs and triplets) are formed. The poorer recall of blind subjects reflected also loss of order information. Recall was better for both groups with locative noun cues and high-imagery targets.
Cornoldi et al. (1993) studied the visuo-spatial imagery abilities in totally congenitally blind people.  The results showed that blind people have difficulty with three-dimensional matrices which are within the reach of sighted people, and that their performance is affected by the processing rate. These data suggested that research on the blind cannot easily contribute to the distinction between the spatial and pictorial components of visual imagery.
Vecchi (1998) examined Visuo-spatial imagery in congenitally totally blind people.  The result provided evidence for congenitally blind people's ability to generate visuo-spatial images, and explores its limitations. Congenitally blind and sighted participants were asked to memorize the spatial positions of target objects (cubes) in two- and three-dimensional matrices, while simultaneously performing a sequence of spatially based imagery operations. Furthermore, during half of the trials, subjects were required to perform an articulatory suppression task. Although articulatory suppression affected both groups to the same extent, congenitally blind people performed poorly with more demanding spatial tasks and when an active elaboration was required.

2.8.0 GENDER RELATED DIFFERENCES IN SPATIAL ABILITY
Linn and Petersen (1985) investigated the Sex differences in spatial ability.  They used meta-analysis.  Results of the meta-analysis suggested that sex differences arise on some types of spatial ability but not others, that large sex differences are found only on measures of mental rotation, that smaller sex differences are found on measures of spatial perception, and that, when sex differences are found, they can be detected across the life span.
Kerns and Barenbaum (1991) studied the Sex differences in Spatial ability in children.  They found that there is considerable evidence that sex differences in spatial ability exist in adults, with males outperforming females at every age after puberty. It is difficult to find sex differences in children younger than 13. This is due in part to the lack of adequate measures of spatial ability for use with children. They reported the use of spatial tests for children that are similar to those that have shown large sex differences in adults and may be measuring ability comparable to adult spatial ability. The results indicated that sex differences in spatial ability can be found in preadolescents if appropriate tests are used. Measurement of these abilities in children facilitates the investigation of possible biological and socio-cultural contributors to the sex differences in spatial ability.
Quaiser-Pohl and Lehmann (2002) investigated the Gender-related differences in spatial abilities.  The results revealed that Mental Rotations Test performance was mainly affected by academic programme and gender, but the effect size of gender differences varied. It was largest with students majoring in arts, humanities and social sciences and smallest with those majoring in computational visualistics. Data analyses revealed statistically significant correlations with spatial activities and computer experience only for females. The relationship between test performance and scales of achievement-related self-concept also depended on gender. They concluded that compared to males, females' spatial abilities are extremely vulnerable to and thus modifiable through attitudinal and experiential factors. This has considerable consequences for intervention programmes that could help to overcome the gender gap in spatial abilities.
Levine et al. (1999) investigated sex differences in young children's spatial skill. The authors developed a spatial transformation task, which showed a substantial male advantage by age 4 years 6 months. The size of this advantage was no more robust for rotation items than for translation items. This finding contrasts with studies of older children and adults, which report that sex differences are largest on mental rotation tasks. Comparable performance of boys and girls on a vocabulary task indicated that the male advantage on the spatial task was not attributable to an overall intellectual advantage of boys in the sample.
Kaplan and Weisberg (1987) investigated the Sex differences and practice effects on two visual-spatial tasks.  Sex differences on visual-spatial tasks have been assumed to be present in young children, and performance on visual-spatial tasks has been assumed to be resistant to modification. Third and fifth graders were pretested on embedded and successive figures. Half of the 110 children then received limited feedback after which both groups were posttested. Results revealed that grade, time of testing, and type of task significantly affected visual-spatial performance. 
Masters (1998) investigated the influence of performance factors on the gender differences in the Mental Rotation test.  Men score higher than women on the Mental Rotations test (MRT), and the magnitude of this gender difference is the largest of that on any spatial test. Goldstein et al. (1990) reported that the gender difference on the MRT disappears when "performance factors" are controlled--specifically, when subjects were allowed sufficient time to attempt all items on the test or when a scoring procedure that controls for the number of items attempted was used. Their experiment explored whether eliminating these performance factors results in a disappearance of the gender difference on the test. Male and female college students were allowed a short time period or unlimited time on the MRT. The tests were scored according to three different procedures. The results showed no evidence that the gender difference on the MRT was affected by the scoring method or the time limit. Regardless of the scoring procedure, men scored higher than women, and the magnitude of the gender difference persisted undiminished when subjects completed all items on the test. Thus there was no evidence that performance factors produced the gender difference on the MRT. These results are consistent with the results of other investigators who have attempted to replicate Goldstein et al.'s findings.
Collins and Kimura (1997) investigated the sex difference on a two-dimensional mental rotation task.  Mental rotation tests required participants to identify rotated versions of a target stimulus. The Vandenberg Mental Rotations Test depicted rotations in 3-D space and typically yields one of the largest established cognitive sex differences favoring males. It was unclear whether this male advantage is related to the nature of rotations depicted in 3-D space or to the high level of difficulty of this task. Their study developed a new test depicting picture plane, or 2-D, rotations. When task difficulty within this 2-D test was varied, a male advantage as large as that seen on the Vandenberg test was found for the difficult component. These findings suggested that processing in 3 dimensions is not a necessary condition for a large sex difference on tests of mental rotation.
Resnick (1993) investigated the influence of time limit on Sex differences in mental rotations.  It had been argued that the male performance advantage on the Mental Rotations Test, a measure of three-dimensional rotational ability, reflected a slower problem-solving strategy in females. A study of a high-ability sample by Goldstein et al. (1990) suggested that sex differences did not reach significance when the test was administered without time limits.  To further explore the effects of time limits, unspeeded versions of the Mental Rotations Test and a vocabulary test were administered to 88 males and 94 females, who represented a less restricted range of ability levels. Males obtained significantly higher scores than females on the Mental Rotations Test (p = .0001), despite comparable performance for the two groups on the vocabulary test. In addition, distributions of Mental Rotations scores were significantly different, with greater proportions of men at the high and women at the low ends. Thus, a difference in speed of problem solving strategy is not a sufficient explanation of the sex difference on the Mental Rotations Test.
Stumpf and klieme (1989) investigated the Sex-related differences in spatial ability.  They found indications of a convergence in the scores of men and women on spatial tests over the years. They examined the evidence for such a secular trend in a German population using data of 18 samples that had completed the Cube Perspectives Test, a measure of spatial visualization ability. The largest effect size (d = .77) was found for a sample tested in 1978, the smallest difference (d = .38) was observed for a sample tested in 1987. There was a clear trend narrowing the sex-related differences; the correlation between the recency of the data and the respective d-value was -.926. The convergence of the scores of men and women proved to be stronger than in the previous studies.
2.9.0 SPATIAL MEMORY
Miller (1975) examined the Spatial memory of blind and sighted children.  Non-verbal recall of haptically presented spatial positions by three age groups of blind and sighted children was tested under conditions varying cueing, recall type and stimulus position in a within-subject design. Slighted status was not only significant, but interacted significantly with recall type, and further with stimulus position, consistent with sequential haptic by blind and quasi-simultaneous visual processing by sighted children. Age was significant, but its only significant interaction was a relatively small one with cueing conditions and stimulus position, suggesting that the oldest group, regardless of sightedness, used verbal strategies in pre-cued conditions. The findings support the hypothesis that visual and haptic modalities of representation have demonstrably different effects on processing and efficiency in spatial recall, but counter indicate the hypothesis that these relate differentially to age. Results also suggested that a combination of cue utilization and verbal strategies is a significant, but relatively minor, factor in improvements in spatial recall.
Astur et al. (2004) used a within-subject design to test 61 undergraduates on three spatial memory tasks. One of these tasks, the Vanderberg 3D mental rotation task, was classically used to assess spatial memory in humans. The other two tests were virtual analogues of two tasks used classically to assess spatial memory in rodents: the Morris water task and an eight-arm radial maze. They found that males perform significantly better than females on the mental rotation task and in finding a hidden platform in the virtual Morris water task. Moreover, during a probe trial, males spent significantly more distance of their swim in the training quadrant, but males and females did not differ in navigating to a visible platform. However, for the virtual eight-arm radial maze, there was no sex difference in working memory errors, reference memory errors, or distance to find the rewards. Surprisingly, an examination of the correlations among the three tasks indicated that only mental rotation ability and Morris water task probe trial performance correlate significantly among the three tasks (i.e. there are no significant correlations with traditional measures the tasks, e.g. time or distance to completion). Hence, the Morris water task and the eight-arm radial maze did not assess spatial memory in the same manner, and even after equating factors such as motivation, stress, and motor demands, there still are procedural demands of the tasks that reinforce differential strategy selection during spatial memory. This suggested that caution should be taken when utilizing these two tasks interchangeable as tests of spatial memory. 

Nori and Giusberti (2006) conducted a study to predict cognitive styles from Spatial abilities. The aim of this work was to assess spatial abilities in order to predict a person's cognitive style. In order to do this they used 9 different spatial tasks, which were linked with these 3 forms of spatial representations. They found that the 9 spatial tasks are able to distinguish different levels of spatial ability.

2.10.0  SPATIAL ABILITY IN HEARING IMPAIRED

Emmorey et al. (1993) studied the ability to generate visual mental images, to maintain them, and to rotate them  in deaf signers of American Sign Language (ASL), hearing signers who had deaf parents, and hearing non-signers. These abilities were hypothesized to be integral to the production and comprehension of ASL. Results indicated that both deaf and hearing ASL signers had an enhanced ability to generate relatively complex images and to detect mirror image reversals. In contrast, there were no group differences in ability to maintain information in images for brief periods or to imagine objects rotating. Signers' enhanced visual imagery abilities may be tied to specific linguistic requirements of ASL (referent visualization, topological classifiers, perspective shift, and reversals during sign perception).
Easton and Sholl (1995) conducted experiment to study Object array structure, frames of reference and retrieval of spatial knowledge.  Experiments are reported that assessed the ability of people, without vision, to locate the positions of objects from imagined points of observation that are related to their actual position by rotational or translational components. Theoretical issues addressed were whether spatial relations stored in an object-to-object system were directly retrieved or whether retrieval is mediated by a body-centered coordinate system, and whether body-centered access involves a process of imaging updating of self-position. The results, with those of Rieser (1989), indicated that in the case of regularly structured object arrays, inter object relations were directly retrieved for the translation task, but for the rotation task, retrieval occurred by means of a body-centered coordinate system, requiring imagined body rotation. For irregularly structured arrays, access of inter object spatial structure occurs by means of a body-centered coordinate system for both translation and rotation tasks, requiring imagined body translation or rotation. Array regularity affected retrieval of spatial structure in terms of global shape of inter object relations and local object position within global shape.
2.11.0 SPATIAL ABILITY TESTS
Alfano and Michel (1994) studied the effect of certain task characteristics on performance of two neuropsychological tests of spatial ability.  Certain neuropsychological assessments of spatial ability assumed that the processing of diagonality and nondiagonality of patterns was equivalent and that processing 2-D representations was equivalent to processing 3-D objects. The Stick Test and the Locomotor Maze Test also assumed that successful performance required the use of mental rotation. Normal adult subjects received either 2-D or 3-D versions of the Stick Test (n = 45) or an unlabeled or labeled version of the maze test (n = 25). Both tests used either nondiagonal or diagonal patterns. More errors were made on 2-D representations of sticks than on the 3-D sticks. Also, more errors occurred with the diagonal than with the orthogonal patterns on both tasks. When maze paths were labeled, fewer subjects made errors on the orthogonal paths than on the diagonal paths. Few subjects reported using mental rotation to perform these tasks. The performance of normal adults may violate the assumptions usually made about a test's measure of spatial ability.


Kozhevnikov and Hegarty (2001) developed psychometric tests of spatial orientation ability, in which people were shown a two-dimensional array of objects, imagine taking a perspective within the array, and indicate the direction to a target object from this perspective. Patterns of errors on these tests were consistent with experimental studies of perspective taking. Characteristic errors and verbal protocols supported the validity of the perspective-taking tests, suggesting that people encoded the objects in the display with respect to a body-centered coordinate system when the imagined perspective was more than 90 degrees different from the orientation of the display. By comparing alternative models in a confirmatory factor analysis, they found that the ability to mentally rotate and manipulate an imagined object (as measured by tests of spatial visualization and spatial relations) and the ability to reorient the imagined self (as measured by the perspective-taking tests) were separable spatial abilities.
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CHAPTER – III

METHODOLOGY
3.0.0 INTRODUCTION


Research is to be the more formal, systematic intensive process of carrying as the scientific method of analysis.  It involves more systematic structure of its investigation usually resulting in some sort of formal record of procedures and a report of results or conclusions (John. W. Best, 1996).


Methodology means as the logic of methods but not only in order to justify their use for defined purposes in specified situation and circumstances (Rob Walker, 1985).  Selection of appropriate methodology provides clear direction to the researches with regard to the various steps to be followed in carrying out the research successfully.


The rationale of the study along with its objectives and hypotheses has been given in chapter I.  The present chapter outlines the Site description, Description of the sample, Sampling technique, Variables of the study, Design of the study, Construction of tool, Data gathering procedure and Data analysis procedure.

3.1.0 SITE DESCRIPTION

The site selected for the present study was Regular, Integrated and Residential schools of Coimbatore and Madurai districts in Tamil Nadu.  The schools are clustered in the main cities of the districts.

The schools selected for the study are:-

1. Avinashilingam Higher Secondary School, Coimbatore

2. Vidhyalaya Higher Secondary School, Coimbatore

3. TAT Kalanilayam Middle School, Coimbatore

4. Manba – Ul – Uloom Higher Secondary School, Coimbatore

5. St. Presentation Convent Girls’ Higher Secondary School, Coimbatore

6. St. Agnes Middle School, Coimbatore

7. Holy Family Convent Matriculation Higher Secondary School, Coimbatore

8. OCPM Girls’ Higher Secondary School, Madurai

9. American College Higher Secondary School, Madurai

10. Thallakulam Sengunthar Uravin  Murai High School, Madurai

11. LPNI Girls’ Higher Secondary School, Madurai

12. Indian Association for the Blind Higher Secondary School, Madurai

3.2.0 DESCRIPTION OF THE SAMPLE


The present study was experimental in nature.  The sample selected for the study consisted of two Groups of students namely Blindfolded sighted and Visually Impaired (Blind). The first Group of 30 Blindfolded Sighted Students was considered as Control Group and the next Group of 30 Visually Impaired Students was considered as Experimental Group.  Both the Groups comprised of Boys and Girls from VI to X standard.  The following table shows the classification of sample on the basis of Control and Experimental Group.

Table 3.1 Group and Gender wise distribution of the sample
	Group
	Boys
	Girls
	Total

	Control
	15
	15
	30

	Experimental
	16
	14
	30

	Total
	31
	29
	60



From Table 3.1 it is evident that the Experimental Group had 30 students, of which 16 were Boys and 14 were Girls.  The Control Group had 30 students of which 15 were Boys and 15 were Girls.  Hence there were totally 31 Boys and 29 Girls.  The sample was further classified on the basis of Grade level and Type of School.  The students belonging to class VI to VIII were classified into Lower Grade Level and those belonging to IX and X were classified into Higher Grade Level.  The Grade and Gender wise distribution of the sample is given in Table 3.2

Table 3.2 Grade and Gender wise distribution of the sample

	Group
	Type of 

school
	VI
	VII
	VIII
	IX
	X
	Total

	
	
	B
	G
	B
	G
	B
	G
	B
	G
	B
	G
	B
	G
	

	Experimental
	Integrated 
	2
	2
	1
	1
	2
	1
	1
	1
	1
	3
	7
	8
	15

	
	Residential
	2
	-
	3
	1
	1
	2
	1
	3
	2
	-
	9
	6
	15

	Control
	Regular
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	15
	15
	30

	Total
	7
	5
	7
	5
	6
	6
	5
	7
	6
	6
	31
	29
	60

	Grand Total
	12
	12
	12
	12
	12
	60

	
	36
	24
	



From Table 3.2 it is evident that the Lower Grade Group consisted of 36 students with 20 Boys and 16 Girls.  The Higher Grade Group consisted of 24 students with 11 Boys and 12 Girls.  Among the 30 students in Experimental Group 15 belonged to Residential School                   (9 Boys and 6 Girls) and the remaining 15 belonged to Integrated schools (7 Boys and 8 Girls).

3.3.0 SAMPLING


Sample selection is a significant aspect of research study.  Violation of a proper sampling method may lead to biased information of a research and hence sample selection should be done with maximum care.  Selection and application of proper sampling procedures make a research study more objective.  The right approach depends upon the design used in the study, the nature of statistical treatment and availability of sample.  With this awareness, the investigator spent a considerable time to select the sample of the study before administering the tool.


The investigator used Purposive Sampling technique to select the sample for Experimental Group.  Since the sample size is 60 the investigator decided to have equal number of samples (30) in both Experimental and Control Group.

3.4.0 VARIABLES OF THE STUDY


Selection of proper variables is an important ingredient of a good researcher.  The independent variables of this study are Gender, Grade, Type of Children and Type of School.  The dependent variables are performance in the areas such as Distance Estimation, Mental Rotation, Delineation (Figure Selection), Assembly, Rotational Displacement (Figure Construction) and Figure Transformation.  The following table illustrates the levels of independent variables used in the study.
Table 3.3 Variables and their Levels
	VARIABLES
	LEVELS

	GROUP
	i. Control (Sighted)

ii. Experimental (Visually Impaired)

	GENDER
	i. Boys

ii. Girls

	GRADE
	i. Lower Grade Level( VI – VIII)

ii. Upper Grade Level( IX – X)

	TYPE OF SCHOOL
	i. Regular

ii. Integrated 

iii. Residential


3.5.0 DESIGN

The present study was experimental in nature.  The study was designed on the basis of Pretest and Posttest Control Group Design.  The sample of the study consisted of two Groups namely Experimental Group and Control Group.  The Experimental Group consisted of Visually Impaired students and the Control Group consisted of blindfolded sighted students. Pretest was administered to both the Groups.  Treatment was assigned to only Experimental Group.

The lay out of the design carried out in this study is given below.

	     Experimental    =   R: O X O

     Control             =   R: O     O



Here    R  means Randomization

 

 O  means Pretest or Posttest


 X  means Treatment

3.6.0 PRELIMINARY EVALUATION

After selecting the sample, the knowledge on the basic Spatial concepts of the samples was assessed as Preliminary evaluation.  This consisted of four items.

As the outset students’ skill in the following was tested :-

i. Braille reading

ii. Braille writing and
iii. Embossed Braille scale 
In the next test, the subjects’ knowledge about various angles was tested.  The subjects’ were asked to show the following angle using their hand:

i. Acute angle

ii. Obtuse angle

iii. Right angle

As third item in the Preliminary evaluation, subjects’ knowledge on basic Geometrical shapes was tested.  For this purpose the subjects were given the following wooden blocks for naming:

i.


Square
ii.


Triangle
  
iii.


 Rhombus/ Diamond
In the fourth item the concept of Rotation was tested by asking the student to rotate the pen in clockwise and anticlockwise rotation.


The Preliminary Evaluation Checklist is given in Appendix II
3.7.0  CONSTRUCTION OF THE TOOL

The dependent variables measured in this study were performance in Distance Estimation, Mental Rotation, Delineation, Assembly, Rotational Displacement and Figure Transformation. The investigator developed tool for each test.
  The following are the tools:-

1. Checklist for Distance Estimation
2. Checklist for Mental Rotation
3. Score card for Delineation (Figure Selection)
4. Time Schedule for Assembling
5. Time Schedule for Rotational Displacement (Figure Construction) test

6. Time Schedule for Figure Transformation test
3.7.1 Distance Estimation

Distance Estimation ability of the samples was tested using a checklist prepared by the investigator.  The test consisted of two subtests with 5 items in each.  The investigator used a Magnetic Board of 35 × 25cm and three pieces of magnets for testing.
  In the first subtest two magnet pieces were fixed on the board with a distance of 10cm, 15cm, 20cm, and 25cm and in the positions Horizontal, Vertical, Diagonal, Near to student and Far from the student.  Each distance was fixed to each position (i.e.) 10cm for Horizontal, 20cm for Vertical and 15cm for Diagonal.  Same distance (25cm) was fixed for Far and Near distances.  The student had to estimate the distance approximately.  If the subject could estimate the distance with 80% accuracy he was given one score, if not the score is zero.  The maximum score for this subtest is five.


[image: image1]
In the second subtest three magnets were fixed on the board so as to form an angle or triangle.  The student had to identify the type of angle (acute, obtuse or right angle) or the type of triangle whether right triangle or equilateral triangle.  For every correct response, one score was given and for wrong response zero score was given.  Since this subtest had five items the maximum score was five.  Hence the maximum score for the Distance Estimation test is ten.   The checklist used is given in Appendix III
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3.7.2 Mental Rotation
The investigator constructed a test to assess the Mental Rotation Ability of the samples after a thorough study of the related literature.  The stimuli used to test the Mental Rotation Ability were based on five shapes shown in Fig. 3.2 (a).  The investigator used the same stimuli used by Klatzky et al. (1995).  The shapes were approximately 6 × 6 × 0.8cm and were mounted on a board of 35 × 25cm.
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In the first subtest the subject was given a stimulus and asked to rotate the shape to any of the angles 45, 90, 135, 180 and 225 about their major axis.  An example is given in Fig. 3.2 (b).  Among the five stimuli each stimulus is fixed to each degree.  If the student could rotate the stimulus to the given angle correctly, one score was given if not the score was zero.  Since this subtest had five items the maximum score for this subtest was five.

         [image: image4.png]



In the second subtest two copies of the same stimulus were used in each item.  The two stimuli were fixed on the board.  The second stimuli would be rotated to a particular degree and the student had to find the angle of rotation.  An example is given in Fig. 3.2 (c).  For this he has to mentally rotate the image.  If the student could rotate the stimulus to the given angle correctly, one score was given if not the score was zero.  Since this subtest had five items the maximum score for this subtest was five.
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In the third subtest one stimulus was fixed on the board and the copy of the same stimulus was given to the student.  The student was asked to fix the reflected image of the fixed shape on the board.  An example is given in Fig. 3.2 (d).  If he could fix the correct image one score was given, if not the score is zero.  Since this subtest had five items the maximum score for this subtest was five.  The Checklist for this test is given in Appendix IV
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3.7.3 Delineation
This test is based on the operation by spatial images position.  It consisted of four items.  The figures shown in Fig. 3.3 are pasted with threads on the board of size 20 x 12 cm.  In the first item Fig (3.3 a), a maximum of 9 rectangles can be selected and 07, 06 and 13 triangles can be selected in items as shown in Fig (3.3b), Fig (3.3c) and Fig (3.3d) respectively.  The student had to select all rectangles and triangles on delineation.  For this purpose it was necessary to change the reference point so that the demanded figure became clear visible.  One score was given for each selection.  Thus this test had a total score of 35.  The results of the Experimental and Control Group were compared based on the total score. The tool is given in Appendix V

3.7.4 Assembling
The investigator developed the test based on the test items given by Klatzky et al. (1995).  This was to identify the Assembling ability of the samples.  The stimuli were Triangular, Diamond Shaped and Square Tiles of 5cm on the shortest side.  On each trial the student was given three tiles to inspect as long as he or she desired and then was given a completed shape that could be constructed from two of them.  The task was to build the completed shape using only two of the tile.  The five shapes and corresponding tiles are shown in Fig. 3.4.  Timing for the trial started when the subject was handed the completed shape and stopped either when the subject indicated completion or at the end of 2 minutes.  The time taken by the student for each trial for completing the shape was noted with help of a stop watch.  The tool is given in Appendix VI 
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3.7.5 Rotational Displacement
This test consisted of five items.  This series of tasks required operation of spatial image structure.  It was necessary to construct new figures (square, triangle, rectangle & rhombus) from four equilateral triangles.  The subjects should mentally constitute new figures and assemble them using the blocks.  Timing for the trial started when the subject was handed the triangles and stopped either when the subject indicated completion or at the end of 2 minutes.  The time taken by the student for each trial for completing the shape was noted with help of a stop watch. The tool is given in Appendix VII

[image: image8]
3.7.6 Figure Transformation
This test consisted of three items.  It required operation by spatial image position and structure.  The stimuli were two identical shapes and three completed figures.  The three figures can be completed with the same two shapes by varying transformation.  The subjects were given the two identical shapes and asked to form the completed shape.  Timing for the trial started when the subject was handed the completed shapes and stopped either when the subject indicated completion or at the end of 2 minutes.  The time taken by the student for each trial for completing the shape was noted with help of a stop watch.  The tool is given in Appendix VIII.
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3.8.0 PILOT STUDY


For the pilot study, the checklist, score card and time schedule were administered to a small group of sample selected from Sri Avinashilingam Higher Secondary School.  The investigator has selected ten students, five in Experimental Group and five in Control Group.  The tests were administered and the data were collected with the help of the tools.

3.9.0 JURY OPINION

The investigator distributed the final checklist to a group of experts and specialists.  According to their advice, opinion and suggestions the tools were modified.

3.10.0 EVALUATION OF THE TOOL
3.10.1 Reliability and Validity

As research in education is application oriented, it should have a contributory effect on both the theory and the practice of education. The findings of the study become trustworthy only when validity and reliability are established. As Merriam(1988) states, “regardless of the types of research, validity and reliability are concerns that can be approached through careful attention to a study’s conceptualization and the way in which the data were collected, analyzed and interpreted”.

The Pretest and Posttest scores of the samples selected were collected and the relationship between the two tests was calculated separately by using the Pearson’s product moment correlation. The result shows that the tool is reliable for testing the Spatial Ability of the children.

3.11.0  DATA COLLECTION PROCEDURE
The study was conducted in three phases. 

 In the first phase Preliminary evaluation was done and the Personal information regarding Gender, Grade, Type of children, Type of School and Onset of Visual Impairment were collected using Personal Data Bank.

In the second phase, Pretest on Distance Estimation and Mental Rotation were administered both Group of students.  Training was given to only the Experimental Group.  Five day training was given to each student.  A maximum of 20minutes was spent for each student in a day.

In the third phase Posttest on Distance Estimation and Mental Rotation was administered to both the Groups.  The same tool used in the Pretest was used in the Posttest.  The other tests which include Delineation, Assembly, Rotational Displacement and Transformation were also been conducted to both the Groups. 

3.12.0  DATA ANALYSIS PROCEDURE


The data collected as mentioned earlier was analysed using the formulae given below:
1. Arithmetic mean
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Mean = A + -------- + C



 
    N

2. Formula used for finding S.D for continuous series 






( fx’2  
  ( fx’    2
S.D = 
-------     -     -------
         *  C




    N                 N

3. In this study many components are compared with other for clarity and simplicity in getting results.

‘T’ test is used for testing the significance. The formula used for finding ‘t’ value is 
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         Actual mean difference

Critical ratio
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CHAPTER IV

RESULTS AND INTERPRETATIONS

4.0.0 INTRODUCTION

The data after collection has to be processed and analyzed in accordance with the outline laid down for the purpose at the time of developing research plan.  The term processing implies editing, coding, classification and tabulation of collected data so that they are manageable for analysis.  The term analysis refers to the computation of certain measures along with searching for patterns relationships that existing among data groups. (Kothari, 1990)


The methodology followed in conducting the present study has been given in detail in the previous chapter.  The present chapter is devoted to the presentation of results and their interpretations.

Table 4.1 Group wise Mean, SD, df and correlated t-value of Distance Estimation test of Control Group and Experimental Group 

	Test Item
	Testing
	Group
	Mean
	SD
	df
	t-value

	Distance Estimation
	Pretest
	Control
	7.03
	1.88
	29
	10.35**

	
	
	Experimental
	2.30
	1.76
	29
	

	

	Distance Estimation
	Posttest
	Control
	7.17
	1.94
	29
	5.09**

	
	
	Experimental
	8.97
	1.1
	29
	


**Significant at 0.01 level

From Table 4.1, it is evident that the correlated t-value is 10.35 with df = 58 for the Distance Estimation Pretest which is significant at 0.01 level.  It indicates that pretest scores of Distance Estimation test of Experimental and Control Group differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Control and Experimental Group in the Distance Estimation test is rejected.  It reveals that the Control Group students performed significantly higher than the Experimental Group students in the Distance Estimation pretest.

From Table 4.1, it is evident that the correlated t-value is 5.09 with   df = 58 for the Distance Estimation Posttest which is significant at 0.01 level.  It indicates that posttest scores of Distance Estimation test of Experimental and Control Group differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Control and Experimental Group in the Distance Estimation test is rejected.  It reveals that the Experimental Group performed significantly higher than the Control Group in the Distance Estimation posttest.
Table 4.2 Testing wise Mean, SD, df and correlated t-value of Distance Estimation test of Control Group and Experimental Group 

	Test Item
	Group
	Testing
	Mean
	SD
	df
	t-value

	Distance Estimation
	Control
	Pretest
	7.17
	1.88
	29
	1.68 Ns

	
	
	Posttest
	6.90
	1.94
	29
	

	

	Distance Estimation
	Experimental
	Pretest
	2.30
	1.76
	29
	21.63**

	
	
	Posttest
	8.97
	1.1
	29
	


**Significant at 0.01 level

Ns : Not Significant

From Table 4.2, it is evident that the correlated t-value is 1.68 with    df = 29 for the Distance Estimation test of Control Group which is not significant. It indicates that pretest and posttest scores of Distance Estimation test of Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the pre and post mean scores of Control Group is not rejected.  It is therefore said that the students in control group performed equally in pre and posttest.

From Table 4.2, it is evident that the correlated t-value is 21.63 with  df = 29 for the Distance Estimation test of Experimental Group which is significant at 0.01 level. It indicates that pretest and posttest scores of Distance Estimation test of Experimental Group differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the pre and post mean scores of Experimental Group is rejected.  It means that the training programme was found to be effective to develop Distance Estimation ability of blind children.
Table 4.3 Gender wise Mean, SD, df and correlated t-value of Distance Estimation test of Control Group and Experimental Group 

	Test Item
	Group
	Testing
	Gender
	Mean
	SD
	df
	t-value

	Distance Estimation
	Control
	Pretest
	Boys
	6.87
	2.07
	14
	0.87Ns

	
	
	
	Girls
	7.47
	1.68
	14
	

	
	
	Posttest
	Boys
	6.60
	1.92
	14
	0.85Ns

	
	
	
	Girls
	7.20
	1.97
	14
	

	

	Distance Estimation
	Experimental
	Pretest
	Boys
	2.06
	1.65
	14
	0.78Ns

	
	
	
	Girls
	2.57
	1.91
	14
	

	
	
	Posttest
	Boys
	8.88
	1.31
	14
	0.48Ns

	
	
	
	Girls
	9.07
	0.83
	14
	


Ns : Not Significant


From Table 4.3, it is evident that the correlated t-value is 0.87 with    df = 28 for the Distance Estimation Pretest of Control Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Control Group in the Distance Estimation pretest.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Boys and girls of Control Group in Distance Estimation test is not rejected.  It may be said that both Boys and Girls of Control Group performed equally in the Distance Estimation pretest.
From Table 4.3, it is evident that the correlated t-value is 0.85 with   df = 28 for the Distance Estimation Posttest of Control Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Control Group in the Distance Estimation posttest. In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Boys and girls of Control Group is not rejected.  It may be said that both Boys and Girls of Control Group performed equally in the Distance Estimation posttest.


From Table 4.3, it is evident that the correlated t-value is 0.78 with   df = 28 for the Distance Estimation Pretest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Experimental Group in the Distance Estimation pretest.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Boys and girls of Experimental  Group in Distance Estimation test is not rejected.  It may be said that both Boys and Girls of Experimental  Group performed equally in the Distance Estimation pretest.


From Table 4.3, it is evident that the correlated t-value is 0.48 with   df = 28 for the Distance Estimation Posttest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Experimental Group in the Distance Estimation posttest. In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Boys and girls of Experimental Group is not rejected.  It may be said that both Boys and Girls of Experimental Group performed equally in the Distance Estimation posttest.

Table 4.4 Grade wise Mean, SD, df and correlated t-value of Distance Estimation test of Control Group and Experimental Group 

	Test Item
	Group
	Testing
	Grade
	Mean
	SD
	df
	t-value

	Distance Estimation
	Control
	Pretest
	Lower
	6.33
	1.85
	17
	3.51**

	
	
	
	Higher
	8.42
	1.08
	11
	

	
	
	Posttest
	Lower
	6.00
	1.97
	17
	3.76**

	
	
	
	Higher
	8.25
	0.75
	11
	

	

	Distance Estimation
	Experimental
	Pretest
	Lower
	1.83
	1.34
	17
	1.85Ns

	
	
	
	Higher
	3.00
	2.13
	11
	

	
	
	Posttest
	Lower
	8.72
	1.18
	17
	1.53Ns

	
	
	
	Higher
	9.33
	0.89
	11
	


**Significant at 0.01 level

Ns : Not Significant

From Table 4.4, it is evident that the correlated t-value is 3.51 with df = 28 for the Distance Estimation Pretest of Control Group which is significant at 0.01 level.  It indicates that the pretest scores of Lower Grade and Higher Grade students of Control Group in Distance Estimation test differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Lower and Higher Grade students of Control Group in Distance Estimation test is rejected.  It may be said that the Higher Grade students performed significantly higher then the Lower Grade students in the Distance Estimation pretest.

From Table 4.4, it is evident that the correlated t-value is 3.76 with df = 28 for the Distance Estimation Posttest of Control Group which is significant at 0.01 level. It indicates that the posttest scores of Lower Grade and Higher Grade students of Control Group in Distance Estimation test differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Lower and Higher Grade students of Control Group is rejected.  It may therefore be said that the Higher Grade students performed significantly higher then the Lower Grade students in the Distance Estimation posttest.


From Table 4.4, it is evident that the correlated t-value is 1.85 with df = 28 for the Distance Estimation Pretest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Lower Grade and Higher Grade students of Experimental Group in the Distance Estimation pretest.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Lower and Higher Grade students of Experimental Group is not rejected.  It may be said that both Lower and Higher Grade students of Experimental  Group performed equally in the Distance Estimation pretest.

From Table 4.4, it is evident that the correlated t-value is 1.53 with df = 28 for the Distance Estimation Posttest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Lower Grade and Higher Grade students of Experimental Group in the Distance Estimation posttest.  In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Lower and Higher Grade students of Experimental Group is not rejected.  It may be said that both Lower and Higher Grade students of Experimental  Group performed equally in the Distance Estimation posttest.

Table 4.5 Group wise Mean, SD, df and correlated t-value of Mental Rotation test of Control Group and Experimental Group 

	Test Item
	Testing
	Group
	Mean
	SD
	df
	t-value

	Mental Rotation
	Pretest
	Control
	8.63
	2.36
	29
	19.32**

	
	
	Experimental
	0.17
	0.46
	29
	

	

	Mental Rotation
	Posttest
	Control
	8.80
	2.58
	29
	3.03**

	
	
	Experimental
	10.57
	1.89
	29
	


**Significant at 0.01 level


From Table 4.5, it is evident that the correlated t-value is 19.32 with df = 58 for the Mental Rotation Pretest which is significant at 0.01 level.  It indicates that pretest scores of Mental Rotation test of Experimental and Control Group differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Control and Experimental Group in the Mental Rotation  test is rejected.  It reveals that the Control Group students performed significantly higher than the Experimental Group students in the Mental Rotation pretest.

From Table 4.5, it is evident that the correlated t-value is 3.03with df = 58 for the Mental Rotation Posttest which is significant at 0.01 level.  It indicates that posttest scores of Mental Rotation test of Experimental and Control Group differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Control and Experimental Group in the Mental Rotation test is rejected.  It reveals that the Experimental Group performed significantly higher than the Control Group in the Mental Rotation posttest.
Table 4.6 Testing wise Mean, SD, df and correlated t-value of Mental Rotation test of Control Group and Experimental Group 

	Test Item
	Group
	Testing
	Mean
	SD
	df
	t-value

	Mental Rotation
	Control
	Pretest
	8.63
	2.36
	29
	1.05Ns

	
	
	Posttest
	8.80
	2.58
	29
	

	

	Mental Rotation
	Experimental
	Pretest
	0.17
	0.46
	29
	33.63**

	
	
	Posttest
	10.57
	1.88
	29
	


**Significant at 0.01 level


From Table 4.6, it is evident that the correlated t-value is 1.05 with df = 29 for the Mental Rotation test of Control Group which is not significant. It indicates that pre and posttest scores of Mental Rotation test of Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the pre and post mean scores of Control Group in the Mental Rotation test is not rejected.  It is therefore said that students in Control Group performed equally in both pre and posttests.

From Table 4.6, it is evident that the correlated t-value is 33.63 with df = 29 for the Mental Rotation test of Experimental Group which is significant at 0.01 level. It indicates that pretest and posttest scores of Mental Rotation test of Experimental Group differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the pre and post mean scores of Experimental Group is rejected.  It means that the training programme was found to be effective to develop Mental Rotation ability of blind children.
Table 4.7 Gender wise Mean, SD, df and correlated t-value of Mental Rotation test of Control Group and Experimental Group 
	Test Item
	Group
	Testing
	Gender
	Mean
	SD
	df
	t-value

	Mental Rotation
	Control
	Pretest
	Boys
	8.60
	2.29
	14
	0.76 Ns

	
	
	
	Girls
	8.67
	2.50
	14
	

	
	
	Posttest
	Boys
	8.73
	2.34
	14
	0.14 Ns

	
	
	
	Girls
	8.87
	2.88
	14
	

	

	Mental Rotation
	Experimental
	Pretest
	Boys
	0.13
	0.34
	14
	0.52 Ns

	
	
	
	Girls
	0.21
	0.58
	14
	

	
	
	Posttest
	Boys
	10.56
	1.97
	14
	0.01 Ns

	
	
	
	Girls
	10.57
	1.87
	14
	


Ns : Not Significant


From Table 4.7, it is evident that the correlated t-value is 0.76 with df = 28 for the Mental Rotation Pretest of Control Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Control Group in the Mental Rotation pretest.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Boys and girls of Control Group in Mental Rotation test is not rejected.  It may be said that both Boys and Girls of Control Group performed equally in the Mental Rotation pretest.


From Table 4.7, it is evident that the correlated t-value is 0.14 with df = 28 for the Mental Rotation Posttest of Control Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Control Group in the Mental Rotation posttest.  In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Boys and girls of Control Group in Mental Rotation test is not rejected.  It may be said that both Boys and Girls of Control Group performed equally in the Mental Rotation posttest.


From Table 4.7, it is evident that the correlated t-value is 0.52 with df = 28 for the Mental Rotation Pretest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Experimental Group in the Mental Rotation pretest.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Boys and girls of Experimental  Group in Mental Rotation test is not rejected.  It may be said that both Boys and Girls of Experimental  Group performed equally in the Mental Rotation pretest.


From Table 4.7, it is evident that the correlated t-value is 0.01 with df = 28 for the Mental Rotation Posttest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Boys and Girls of Experimental Group  in the Mental Rotation posttest.  In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Boys and girls of Experimental  Group in Mental Rotation test is not rejected.  It may be said that both Boys and Girls of Experimental  Group performed equally in the Mental Rotation posttest.

Table 4.8 Grade wise Mean, SD, df and correlated t-value of Mental Rotation test of Control Group and Experimental Group 
	Test Item
	Group
	Testing
	Grade
	Mean
	SD
	df
	t-value

	Mental Rotation
	Control
	Pretest
	Lower
	8.11
	2.35
	17
	1.52Ns

	
	
	
	Higher
	9.42
	2.23
	11
	

	
	
	Posttest
	Lower
	8.11
	2.37
	17
	1.87Ns

	
	
	
	Higher
	9.83
	2.62
	11
	

	

	Mental Rotation
	Experimental
	Pretest
	Lower
	0.11
	0.32
	17
	0.80 Ns

	
	
	
	Higher
	0.25
	0.62
	11
	

	
	
	Posttest
	Lower
	10.06
	2.01
	17
	1.90 Ns

	
	
	
	Higher
	11.33
	1.44
	11
	


Ns : Not Significant


From Table 4.8, it is evident that the correlated t-value is 1.52 with df = 28 for the Mental Rotation Pretest of Control Group which is not significant.  It indicates that the pretest scores of Lower Grade and Higher Grade students of Control Group in Mental Rotation test do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Lower and Higher Grade students of Control Group in Mental Rotation test is not rejected.  It may be said that both Lower and Higher Grade students of Control  Group performed equally in the Mental Rotation pretest.


From Table 4.8, it is evident that the correlated t-value is 1.87 with df = 28 for the Mental Rotation Posttest of Control Group which is not significant.  It indicates that there is no significant difference between the performance of Lower Grade and Higher Grade students  of Control Group  in the Mental Rotation posttest.  In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Lower and Higher Grade students of Control Group in Mental Rotation test is not rejected.  It may be said that both Lower and Higher Grade students of Control  Group performed equally in the Mental Rotation posttest.


From Table 4.8, it is evident that the correlated t-value is 0.80 with df = 28 for the Mental Rotation Pretest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Lower Grade and Higher Grade students  of Experimental Group  in the Mental Rotation pretest.  In the context of this, the null hypothesis stated that there is no significant difference between the pre mean scores of Boys and girls of Experimental  Group in Mental Rotation test is not rejected.  It may be said that both Boys and Girls of Experimental  Group performed equally in the Mental Rotation pretest.


From Table 4.8, it is evident that the correlated t-value is 1.90 with df = 28 for the Mental Rotation Posttest of Experimental Group which is not significant.  It indicates that there is no significant difference between the performance of Lower Grade and Higher Grade students of Experimental Group  in the Mental Rotation posttest.  In the context of this, the null hypothesis stated that there is no significant difference between the post mean scores of Boys and girls of Experimental  Group in Mental Rotation test is not rejected.  It may be said that both Boys and Girls of Experimental  Group performed equally in the Mental Rotation posttest.
Table 4.9 Group wise Mean, SD, df and correlated t-value of Delineation test 

	Test Item
	Group
	Mean
	SD
	df
	t-value

	Delineation
	Control
	27.10
	4.05
	29
	0.59 Ns

	
	Experimental
	26.40
	5.09
	29
	


Ns : Not Significant


From Table 4.9, it is evident that the correlated t-value is 0.59 with df = 58 for the Delineation test which is not significant.  It indicates that Delineation test scores of Experimental and Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Experimental and Control Group in the Delineation test is not rejected.  It means that both Blind and Blindfolded sighted  performed equally in the Delineation test.
Table 4.10 Gender wise Mean, SD, df and correlated t-value of Delineation test  

	Test Item
	Gender
	Mean
	SD
	df
	t-value

	Delineation
	Boys
	26.61
	5.12
	29
	0.24 Ns

	
	Girls
	26.90
	3.99
	29
	


Ns : Not Significant


From Table 4.10, it is evident that the correlated t-value is 0.24 with df = 58 for the Delineation test which is not significant.  It indicates that Delineation test scores of Boys and Girls do not differ significantly.  It means that there is no significant difference between the performance of  Boys and Girls in the Delineation test.  In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Boys and Girls in the Delineation test is not rejected.  It means that Boys and Girls performed equally in the Delineation test.
Table 4.11 Grade wise Mean, SD, df and correlated t-value of Delineation test  

	Test Item
	Grade
	Mean
	SD
	df
	t-value

	Delineation
	Lower
	25.47
	4.12
	35
	2.80**

	
	Higher
	28.67
	4.64
	23
	


**Significant at 0.01 level


From Table 4.11, it is evident that the correlated t-value is 2.80 with df = 58 for the Delineation test which is significant at 0.01 level.  It indicates that Delineation test scores of Lower Grade students  and Higher Grade students  differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Lower and Higher Grade students in the Delineation test is rejected.  It means that the Higher Grade students performed significantly higher than the Lower Grade students in the Delineation test.
Table 4.12 Group wise Mean, SD, df and correlated t-value of Assembly test
	Test Item
	component
	Group
	Mean
	SD
	df
	t-value

	Assembly
	I
	Control
	21.27
	13.63
	29
	0.93Ns

	
	
	Experimental
	24.33
	11.78
	29
	

	

	Assembly
	II
	Control
	48.73
	18.86
	29
	0.35Ns

	
	
	Experimental
	50.90
	27.94
	28
	

	

	Assembly
	III
	Control
	58.03
	25.02
	29
	0.27Ns

	
	
	Experimental
	56.03
	31.58
	28
	

	

	Assembly
	IV
	Control
	54.17
	24.50
	29
	1.06Ns

	
	
	Experimental
	61.43
	28.65
	29
	

	

	Assembly
	V
	Control
	66.77
	27.95
	21
	1.36Ns

	
	
	Experimental
	55.21
	29.52
	23
	

	

	Assembly
	VI
	Control
	80.32
	20.33
	21
	1.84Ns

	
	
	Experimental
	67.50
	24.77
	19
	


Ns : Not Significant


From Table 4.12, it is evident that the correlated t-value is 0.93 with df = 58 for the Mean Response Time of Assembly component I is not significant.  It indicates that Assembly test scores of Experimental and Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Experimental and Control Group in the Assembly component I is not rejected.  It means that both Blind children and Blindfolded sighted children performed equally in the Assembly component I.

From Table 4.12, it is evident that the correlated t-value is 0.35with df = 57 for the Mean Response Time of Assembly component II is not significant.  It indicates that Mean Response Time of Experimental and Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Experimental and Control Group in the Assembly component II is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Assembly component II.

From Table 4.12, it is evident that the correlated t-value is 0.27 with df = 57 for the Assembly component III is not significant.  It indicates that the Mean Response Time of Experimental and Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the Mean Response Time of Experimental and Control Group in the Assembly component III is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Assembly component III.

From Table 4.12, it is evident that the correlated t-value is 1.06 with df = 58 for the Assembly test which is not significant.  It indicates that Mean Response Time of Assembly component IV of Experimental and Control Group does not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the Mean Response Time of Experimental and Control Group in the Assembly component IV is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Assembly component IV.
From Table 4.12 it is evident that the correlated t-value is 1.36 with df = 44 for the Assembly test which is not significant.  It indicates that Mean Response Time of Assembly component V of Experimental and Control Group does not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the Mean Response Time of Experimental and Control Group in the Assembly component V is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Assembly component V.

From Table 4.12, it is evident that the correlated t-value is 1.84 with df = 40 for the Assembly test which is not significant.  It indicates that Mean Response Time of Assembly component VI of Experimental and Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the Mean Response Time of Experimental and Control Group in the Assembly component VI is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Assembly component VI.
Table 4.13 Gender wise Mean, SD, df and correlated t-value of Assembly test
	Test Item
	Component
	Gender
	Mean
	SD
	df
	t-value

	Assembly
	II
	Boys
	54.13
	31.21
	14
	0.64Ns

	
	
	Girls
	47.43
	24.64
	13
	

	Assembly
	III
	Boys
	50.40
	30.60
	14
	0.10Ns

	
	
	Girls
	62.07
	32.62
	13
	

	Assembly
	IV
	Boys
	54.00
	26.79
	15
	1.56Ns

	
	
	Girls
	69.93
	29.28
	13
	

	Assembly
	V
	Boys
	57.75
	29.77
	11
	0.42Ns

	
	
	Girls
	52.67
	30.37
	11
	


Ns : Not Significant


From Table 4.13, it is evident that the correlated t-value is 0.64 with df = 27 for the Assembly test which is not significant.  It indicates that Mean Response Time of Assembly component II of Boys and Girls do not differ significantly.  In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Boys and Girls in the Assembly component II is not rejected.  It means that there is no significant difference between the performance of  Boys and Girls in component II of the Assembly test.

From Table 4.13 it is evident that the correlated t-value is 0.10 with df = 27 for the Assembly test which is not significant.  It indicates that Mean Response Time of Assembly component III of Boys and Girls do not differ significantly.  In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Boys and Girls in the Assembly component III is not rejected.  It means that there is no significant difference between the performance of  Boys and Girls in component III of the Assembly test.

From Table 4.13 it is evident that the correlated t-value is 0.42 with df = 22 for the Assembly test which is not significant.  It indicates that Mean Response Time of Assembly component IV of Boys and Girls do not differ significantly. In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Boys and Girls in the Assembly component IV is not rejected.  It means that there is no significant difference between the performance of  Boys and Girls in component IV of the Assembly test.

From Table 4.13 it is evident that the correlated t-value is 1.52 with df = 28 for the Assembly test which is not significant.  It indicates that Mean Response Time of Assembly component V of Boys and Girls do not differ significantly. In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Boys and Girls in the Assembly component V is not rejected.  It means that there is no significant difference between the performance of  Boys and Girls in component V of the Assembly test.
Table 4.14 Group wise Mean, SD, df and correlated t-value of Rotational Displacement -I test
	Test Item
	Shape
	Group
	Mean
	SD
	df
	t-value

	Rotational Displacement-I
	Square
	Control
	15.70
	8.42
	29
	0.27Ns

	
	
	Experimental
	16.30
	8.63
	29
	

	

	Rotational Displacement-I
	Triangle
	Control
	51.37
	21.53
	29
	1.26Ns

	
	
	Experimental
	58.76
	23.45
	28
	


Ns : Not Significant


From Table 4.14, it is evident that the correlated t-value is 0.27 with df = 58  which is not significant.  It indicates that Mean Response Time of Rotational Displacement-I (Square) of Experimental and Control Group does not differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the Mean Response Time of Experimental and Control Group in the Rotational Displacement (Square) test is not rejected.  It means that both Experimental and Control Group students performed equally.

From Table 4.14, it is evident that the correlated t-value is 1.26 with df = 57 which is not significant.  It indicates that Mean Response Time of Rotational Displacement-I (Triangle) of Experimental and Control Group does not differ significantly. In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Experimental and Control Group in the Rotational Displacement (Triangle) test is not rejected.  It means that both Experimental and Control Group students performed equally.
Table 4.15 Group wise Mean, SD, df and correlated t-value of Rotational Displacement -II test
	Test Item
	Shape
	Group
	Mean
	SD
	df
	t-value

	Rotational Displacement-II
	Rectangle
	Control
	66.83
	35.82
	29
	0.10Ns

	
	
	Experimental
	65.93
	32.04
	26
	

	

	Rotational Displacement-II
	Triangle
	Control
	92.78
	21.81
	8
	0.19Ns

	
	
	Experimental
	94.80
	14.17
	4
	

	

	Rotational Displacement-II
	Square
	Control
	88.94
	22.91
	16
	0.39Ns

	
	
	Experimental
	92.42
	25.26
	11
	


Ns : Not Significant


From Table 4.15, it is evident that the correlated t-value is 0.10 with df = 55 which is not significant. It indicates that Mean Response Time of Rotational Displacement-II (Rectangle) of Experimental and Control Group does not differ significantly. In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Experimental and Control Group in the Rotational Displacement-II (Rectangle) is not rejected.  It means that both Experimental and Control Group students performed equally.

From Table 4.15, it is evident that the correlated t-value is 0.19 with df = 12 which is not significant.  It indicates that Mean Response Time of Rotational Displacement-II (Triangle) of Experimental and Control Group does not differ significantly. In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Experimental and Control Group in the Rotational Displacement-II (Triangle) is not rejected.  It means that both Experimental and Control Group students performed equally.

From Table 4.15, it is evident that the correlated t-value is 0.39 with df = 27 which is not significant. It indicates that Mean Response Time of Rotational Displacement-II (Square) of Experimental and Control Group does not differ significantly. In the context of this the null hypothesis stated that there is no significant difference between Mean Response Time of Experimental and Control Group in the Rotational Displacement-II (Square) is not rejected.  It means that both Experimental and Control Group students performed equally.
Table 4.16 Gender wise Mean, SD, df and correlated t-value of Rotational Displacement test of Experimental Group
	Test Item
	Shape
	Gender
	Mean
	SD
	df
	t-value

	Rotational Displacement
	Triangle
	Boys
	57.60
	23.83
	14
	0.27 Ns

	
	
	Girls
	60.00
	23.86
	13
	

	Rotational Displacement
	Rectangle
	Boys
	68.21
	38.18
	13
	0.38 Ns

	
	
	Girls
	63.46
	25.15
	12
	



From Table 4.16, it is evident that the correlated t-value is 0.27 with df = 27 which is not significant.  It indicates that Mean Response Time of Rotational Displacement (Triangle) test of Boys and Girls do not differ significantly.  In this context the null hypothesis stated that there is no significant difference between the Mean Response Time of Boys and Girls in Rotational Displacement (Triangle) is not rejected.  It means that both Boys and Girls performed equally in the Rotational Displacement(Triangle) test.
From Table 4.16, it is evident that the correlated t-value is 0.38 with df = 25 which is not significant.  It indicates that Mean Response Time of Rotational Displacement (Square) test of Boys and Girls do not differ significantly.  In this context the null hypothesis stated that there is no significant difference between the Mean Response Time of Boys and Girls in Rotational Displacement (Square) is not rejected.  It means that both Boys and Girls performed equally in the Rotational Displacement(Square) test.
Table 4.17 Group wise Mean, SD, df and correlated t-value of Transformation test
	Test Item
	Item No
	Group
	Mean
	SD
	df
	t-value

	Transformation
	I
	Control
	61.15
	29.99
	25
	1.37 Ns

	
	
	Experimental
	49.37
	32.57
	26
	

	Transformation
	II
	Control
	66.04
	22.90
	24
	0.80 Ns

	
	
	Experimental
	59.91
	29.94
	21
	

	Transformation
	III
	Control
	70.88
	26.02
	23
	0.09 Ns

	
	
	Experimental
	70.17
	30.37
	22
	


Ns : Not Significant

From Table 4.17, it is evident that the correlated t-value is 1.37 with df = 51 for the Transformation test which is not significant.  It indicates that Mean Response Time of Transformation test of Experimental and Control Group do not differ significantly. In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Experimental and Control Group in the Transformation component I is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Transformation component I.
From Table 4.17, it is evident that the correlated t-value is 0.80 with df = 45 for the Transformation test which is not significant.  It indicates that Mean Response Time of Transformation test of Experimental and Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Experimental and Control Group in the Transformation component II is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Transformation component II.
From Table 4.17, it is evident that the correlated t-value is 0.09 with df = 45 for the Transformation test which is not significant.  It indicates that Mean Response Time of Transformation test of Experimental and Control Group do not differ significantly.  In the context of this, the null hypothesis stated that there is no significant difference between the mean scores of Experimental and Control Group in the Transformation component III is not rejected.  It means that both Blind and Blindfolded sighted students performed equally in the Transformation component III.
Table 4.18 Summary of 2 × 3 Factorial Design ANCOVA for Distance Estimation by considering Pre scores in Distance Estimation as covariate

	Source of Variance
	df
	SSy.x
	MSSy.x
	Fy.x

	Gender
	1
	0.02
	0.02
	0.01Ns

	School
	2
	127.04
	63.52
	46.45**

	Gender * School
	2
	0.33
	0.17
	0.12Ns

	Error
	53
	72.48
	1.37
	

	Total
	59
	207.73
	3.52
	


**Significant at 0.01 level

Ns : Not Significant


From the Table 4.18, it is evident that the adjusted F-value for Gender is 0.01 with df = 1/53 which is not significant.  It indicates that the mean scores of Distance Estimation test of Boys and Girls do not differ significantly when pre scores in Distance Estimation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Gender on Distance Estimation by considering pre scores in Distance Estimation as covariate is not rejected.  It may be further concluded that both Boys and girls performed equally in Distance Estimation test.


From the Table 4.18, it is evident that the adjusted F-value for Type of School is 63.52 with df = 2/53 which is significant at 0.01 level.  It indicates that the mean scores of Distance Estimation of students belonging to Residential School, Integrated School and Regular School differ significantly when pre scores in Distance Estimation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Type of School on Distance Estimation by considering pre scores in Distance Estimation as covariate is rejected.  It may be further concluded that students in the residential school scored significantly higher than the students in Integrated and Regular schools.

The adjusted F- value for interaction between Gender and Types of School is 0.12 which is not significant.  It indicates that there was no significant influence of resultant of interaction between Gender and Types of School when Pre score in Distance Estimation was taken as covariate.  In this context, the null hypothesis that there is no significant influence of interaction between Gender and Type of School on Distance Estimation by taking pre score in Distance Estimation as covariate is not rejected.  It may therefore be concluded that Distance Estimation was found to be independent of the interaction between Gender and Types of school when Pre score in Distance Estimation was taken as covariate.

Table 4.19 Summary of 2 × 3 Factorial Design ANCOVA for Distance Estimation by considering Pre scores in Distance Estimation as covariate

	Source of Variance
	df
	SSy.x
	MSSy.x
	Fy.x

	Grade level
	1
	1.60
	1.60
	1.33Ns

	School
	2
	86.03
	43.01
	35.84**

	Grade Level * School
	2
	5.90
	2.95
	2.46Ns

	Error
	53
	63.60
	1.20
	

	Total
	59
	207.73
	3.52
	



**Significant at 0.01 level

Ns : Not Significant

From the Table 4.19, it is evident that the adjusted F-value for Grade level is 1.33with df = 1/53 which is not significant.  It indicates that the mean scores of Distance Estimation test of Lower and Higher Grade students do not differ significantly when pre scores in Distance Estimation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Grade on Distance Estimation by considering pre scores in Distance Estimation as covariate is not rejected.  It may be further concluded that both Lower and Higher Grade students performed equally in Distance Estimation test.


From the Table 4.19, it is evident that the adjusted F-value for Type of School is 35.84 with df = 2/53 which is significant at 0.01level.  It indicates that the mean scores of Distance Estimation of students belonging to Residential School, Integrated School and Regular School differ significantly when pre scores in Distance Estimation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Type of School on Distance Estimation by considering pre scores in Distance Estimation as covariate is rejected.  It may be further concluded that students in the residential school scored significantly higher than the students in Integrated and Regular schools.


The adjusted F- value for interaction between Grade level and Types of School is 2.46 which is not significant.  It indicates that there was no significant influence of resultant of interaction between Grade Level and Types of School when Pre score in Distance Estimation was taken as covariate.  In this context, the null hypothesis that there is no significant influence of interaction between Grade and Type of School on Distance Estimation by taking pre score in Distance Estimation as covariate is not rejected.  It may therefore be concluded that Distance Estimation was found to be independent of the interaction between Grade and Types of school when Pre score in Distance Estimation was taken as covariate.

Table 4.20 Summary of 2 × 3 Factorial Design ANCOVA for Mental Rotation by considering Pre scores in Mental Rotation as covariate
	Source of Variance
	df
	SSy.x
	MSSy.x
	Fy.x

	Gender
	1
	0.01
	0.01
	0.01Ns

	School
	2
	237.09
	118.55
	64.34**

	Gender * School
	2
	1.87
	0.94
	0.51Ns

	Error
	53
	97.65
	1.84
	

	Total
	59
	342.98
	5.81
	


**Significant at 0.01 level

Ns: Not Significant


From the Table 4.20, it is evident that the adjusted F-value for Gender is 0.01 with df = 1/53 which is not significant.  It indicates that the mean scores of Mental Rotation test of Boys and Girls do not differ significantly when pre scores in Mental Rotation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Gender on Mental Rotation by considering pre scores in Mental Rotation as covariate is not rejected.  It may be further concluded that both Boys and girls performed equally in Mental Rotation test.
From the Table 4.20, it is evident that the adjusted F-value for Type of School is 64.34 with df = 2/53 which is significant at 0.01 level.  It indicates that the mean scores of Mental Rotation of students belonging to Residential School, Integrated School and Regular School differ significantly when pre scores in Mental Rotation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Type of School on Mental Rotation by considering pre scores in Mental Rotation as covariate is rejected.  It may be further concluded that students in the residential school scored significantly higher than the students in Integrated and Regular schools.


The adjusted F- value for interaction between Gender and Types of School is 0.51 which is not significant.  It indicates that there was no significant influence of resultant of interaction between Gender and Types of School when Pre score in Mental Rotation was taken as covariate.  In this context, the null hypothesis that there is no significant influence of interaction between Gender and Type of School on Mental Rotation by taking pre score in Mental Rotation as covariate is not rejected.  It may therefore be concluded that Mental Rotation was found to be independent of the interaction between Gender and Types of school when Pre score in Mental Rotation was taken as covariate.

Table 4.21 Summary of 2 × 3 Factorial Design ANCOVA for Mental Rotation by considering Pre scores in Mental Rotation as covariate
	Source of Variance
	df
	SSy.x
	MSSy.x
	Fy.x

	Grade level
	1
	9.71
	9.71
	6.05*

	School
	2
	208.79
	104.39
	65.07**

	Grade Level * School
	2
	6.67
	3.34
	2.08Ns

	Error
	53
	85.03
	1.60
	

	Total
	59
	342.98
	5.81
	


 *Significant at 0.05 level
**Significant at 0.01 level

Ns : Not Significant


From the Table 4.21, it is evident that the adjusted F-value for Grade level is 6.05 with df = 1/53 which is significant at 0.05 level.  It indicates that the mean scores of Mental Rotation test of Lower and Higher Grade students differ significantly when pre scores in Mental Rotation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Grade on Mental Rotation by considering pre scores in Mental Rotation as covariate is rejected. It may be further concluded that Higher grade students scored significantly higher than the Lower Grade students.


From the Table 4.21, it is evident that the adjusted F-value for Type of School is 65.07 with df = 2/53 which significant at 0.01 level.  It indicates that the mean scores of Mental Rotation of students belonging to Residential School, Integrated School and Regular School differ significantly when pre scores in Mental Rotation is taken as covariate.  In this context, the null hypothesis that there is no significant influence of Type of School on Mental Rotation by considering pre scores in Mental Rotation as covariate is rejected.  It may be further concluded that students in the residential school scored significantly higher than the students in Integrated and Regular schools.


The adjusted F- value for interaction between Grade level and Types of School is 2.08 which is not significant.  It indicates that there was no significant influence of resultant of interaction between Grade Level and Types of School when Pre score in Mental Rotation was taken as covariate.  In this context, the null hypothesis that there is no significant influence of interaction between Grade and Type of School on Mental Rotation by taking pre score in Mental Rotation as covariate is not rejected.  It may therefore be concluded that Mental Rotation was found to be independent of the interaction between Grade and Types of school when Pre score in Mental Rotation was taken as covariate.
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CHAPTER V

SUMMARY AND CONCLUSION

5.1.0. INTRODUCTION
 The purpose of the study was to Develop Spatial Ability of Visually Impaired Children. In chapter I the Need of the study, Objectives and Scope etc., were described. Chapter II contained a thorough review of related literature. The methodology of the study was explained in chapter III. A detailed quantitative analysis was made in chapter IV. The results of the study are summarized in chapter V. 

5.2.0 FINDINGS

1. Training imparted had impact on developing Spatial Ability of Visually Impaired children.

2. In the pretest of Distance Estimation and Mental Rotation the Blindfolded Sighted performed better than blind children whereas in the posttest of the same tests, the performance of blind children was significantly higher than the blindfolded sighted.

3. It was found that there was no significant difference between Boys and Girls both in Experimental and Control Group in all Spatial Ability tests.

4. Grade did influence on Distance Estimation test in both pre and posttest of Control Group whereas there was no significant influence of Grade on Mental Rotation test.
5. In Delineation test the means scores of Control Group was 27 out of 35 whereas 26 out of 35 for Visually Impaired hence found no significant difference between two groups.

6. In Delineation test, though there is no significant difference between Gender, but Grade influenced.  The Higher Grade students scored better than Lower Grade students. 

7. In Assembly test the response time gradually increases from first test to sixth test.  There is no significant difference between the Experimental and Control Group in all tests in Assembly component.  The Mean Response Time of Experimental and Control Group in the higher order test ‘V’ was 55 seconds and 67 seconds and that of test ‘VI’ was 80 seconds and 67 seconds respectively.

8. It was found that 18% and 27% of Experimental and Control Group respectively were not able to complete the higher order component ‘V’ in Assembly test.  Similarly 33% and 27% of Experimental and Control Group respectively were not able to complete component ‘VI’ in Assembly test.

9. In Rotational Displacement test there is no significant difference between Experimental and Control Group in all tests.  The Mean Response Time of Experimental and Control Group in the higher order test ‘IV’ was 94 seconds and 92 seconds and that of test ‘V’ was 92 seconds and 89 seconds respectively.

10. It was found that only 33% and 30% of Experimental and Control Group respectively were able to complete the higher order component IV in Rotational Displacement test.  Similarly 40% and 56% of Experimental and Control Group were able to complete component V in Rotational Displacement test.

11. In Transformation test there is no significant difference between Experimental and Control Group in all tests.  

5.3.0 SUGGESTIONS FOR FURTHER RESEARCH

1. An investigation for developing spatial ability of low vision children can be carried out.

2. Further study can be done to find out the influence of spatial ability on Orientation and Mobility for Visually Impaired children.

3. Research on influence of spatial ability on learning school subjects like Mathematics and Geometry can be done.

4. Development of standardized test for assessing spatial ability of Visually Impaired can be pursued.

5. Research on related concepts like spatial thinking, spatial reasoning, spatial cognition and spatial intelligence etc. can be done.

6. Spatial ability of Hearing Impaired and Visually Impaired may be investigated.

5.4.0 RECOMMENDATIONS
The recommendations emerging out of the study are enumerated as follows:-
1. Blind children should be trained to develop spatial ability even at the very young age.

2. The teachers of Visually Impaired may be trained on the importance of spatial ability to visually impaired thus influencing the visually impaired children to have activity on various stages in spatial development

3. Parents may be oriented to train their ward on spatial understanding of the home environment.

4. Activities to be provided to visually impaired children to have mental map to bring ideas together and highlight relationships.

5. Concrete experiences with geometrical objects on three- dimensional and then representing them in two-dimensional space may be provided to Visually Impaired children.  It will be helpful in improving the children’s performance in spatial visualization.
5.5.0 CONCLUSION

Spatial ability is essential for scientific thought.  It is required in many intellectual endeavors.  As stated many researchers, vision is not the only modality to provide information on different forms of spatial organization.  Tactile activity and movement together contribute the reference cues which spatial coding demands.  Hence activities / tasks to develop spatial ability should be provided to Visually Impaired children.  Spatial ability will be improved through training and practice.  This area is the growing need among Visually Impaired children.  This study is an attempt in this direction.  But there is a long way to go to bridge the gap between the theoretical importance of spatial abilities and their practical utility.
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APPENDIX –I 
PERSONAL DATA BANK
Name of the pupil                      :

Name of the school                    :

Gender                                        :

Age                                             :

Standard                                     :

Cause of visual impairment        :

Onset of visual impairment        :

Light perception                         :     Yes / No

APPENDIX - II

PRELIMINARY EVALUATION CHECKLIST

	TEST ITEM
	Yes
	No

	Whether the student is able to

i. Read Braille
	
	

	ii. Write Braille
	
	

	iii. Identify Embossed Braille Scale
	
	

	Whether the student is able to show the following angles using hand

iv. Acute angle
	
	

	v. Obtuse angle
	
	

	vi. Right angle
	
	

	Whether the student is able to identify the following Geometrical shapes

vii. Square
	
	

	viii. Triangle
	
	

	ix. Rhombus/ Diamond
	
	

	x. Whether the student differentiate equilateral triangle from right triangle
	
	

	Whether the student knows the

xi. Clock wise rotation
	
	

	xii. Anti clock wise rotation
	
	


APPENDIX – III

CHECKLIST FOR DISTANCE ESTIMATION

	TEST ITEMS
	Yes
	No

	Whether the student is able to estimate approximately

i. The distance between two points separated horizontally (10cm)

ii. The distance between two points separated vertically (20cm)

iii. The distance between two points separated diagonally (15cm)

iv. The distance between the points (25cm) when the board is near.

v. The distance between the points (25cm) when the board is far.
	
	

	Whether the student is able to identify the following 

i. Acute angle

ii. Obtuse angle

iii. Right angle

iv. Equilateral triangle

v. Right triangle
	
	

	TOTAL
	
	


APPENDIX – IV

CHECK LIST FOR MENTAL ROTATION

	TEST ITEM
	YES
	NO

	I Whether the student is able to rotate 

1. Shape (i) to 90°
	
	

	2. Shape (ii) to 180°
	
	

	3. Shape (iii) to 135°
	
	

	4. Shape (iv) to 225°
	
	

	5. Shape (v) to 45°
	
	

	II Whether the student is able to identify the angle of rotation for

1. Shape (i) at 180°
	
	

	2. Shape (ii) at 90° 
	
	

	3. Shape (iii) at 45°
	
	

	4. Shape (vi) at 135°
	
	

	5. Shape (v) at 225°
	
	

	III Whether the student is able to fix the reflected image of

1. Shape (i)
	
	

	2. Shape (ii)
	
	

	3. Shape (iii)
	
	

	4. Shape (iv)
	
	

	5. Shape (v)
	
	


APPENDIX – V

SCORE CARD FOR DELINEATION

	Delineation

(Figure Selection)
	Maximum Score
	Score obtained

	Rectangle
	9
	

	Triangle
	7
	

	Hexagon
	6
	

	Triangle
	12
	

	Total Score
	35
	


APPENDIX – VI

TIME SCHEDULE FOR ASSEMBLY TEST

	TEST COMPONENT
	Time Given

(Constant)
	Time Taken

	I
	120 sec
	

	II
	120 sec
	

	III
	120 sec
	

	IV
	120 sec
	

	V
	120 sec
	

	VI
	120 sec
	


APPENDIX – VII

TIME SCHEDULE FOR 

ROTATIONAL DISPLACEMENT TEST
	TEST COMPONENT
	Time Given

(Constant)
	Time Taken

	I
	120 sec
	

	II
	120 sec
	

	III
	120 sec
	

	IV
	120 sec
	

	V
	120 sec
	


APPENDIX – VIII

TIME SCHEDULE FOR TRANSFORMATION TEST

	TEST COMPONENT
	Time Given

(Constant)
	Time Taken

	I
	120 sec
	

	II
	120 sec
	

	III
	120 sec
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