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CHAPTER–IV 

ANALYSIS AND INTERPRETATION OF DATA 

 

After going through the problem, objectives, hypotheses, tools and method of 

the study, the present chapter deals with the analysis of the obtained data, its 

interpretation and the discussion of the results arrived at.  The data obtained from the 

experiment has been subjected to descriptive as well as to suitable inferential 

statistics. 

In the light of the problem, objectives and hypotheses, the obtained data was 

processed through the following three subheads. 

4.1  Analysis of formative tests scores. 

4.2  Analysis of test of spatial geometry skill scores. 

4.3  Discussion of results. 

As mentioned in the previous chapter, treatment was the independent variable, 

locus of control was the classification variable and spatial geometry skills was 

dependent variable.  

Independent variable 

Instructional Treatment 

Experimental Group – T1 

(Exposed to experiential learning strategies) 

Control Group – T2 

(Exposed to traditional method of learning) 

Classification variable 

Locus of control 

Internal locus of control – L1 

External locus of control – L2 

Dependent variable 

The effect of experiential learning strategies on students with internal locus of 

control and external locus of control was studied with respect to the dependent 

variable. 

 Spatial geometry skills 
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Category of skills was the repeated measure variable in analysis of spatial 

geometry skill: 

 Knowledge, comprehensive and application category of skills. – S1 

 Analyses, synthesis and evaluation category of skills. – S2 

4.1  ANALYSIS OF FORMATIVE TESTS 

Six formative tests were administered to the students with internal and 

external locus of control after teaching and completing each unit. The means of these 

formative tests were obtained and analysed.  The means of formative tests scores of 

each of the six unit tests of the students with internal and external locus of control of 

the experimental and control group were converted into percentages.  Table 4.1 and 

4.2 reveal that the groups of students with internal locus of control performed better 

than the group of students with external locus of control.  

Table 4.1 

Means and percentages of means of formative tests of the internal and external 

locus of control groups of the experimental group 

Units I II III IV V VI 

Max. Marks 14 17 16 17 16 10 

 

L1 

Mean 12 15.3 14.6 15.3 14.3 8.3 

% Mean 85.7 90 91.3 90 89.4 83 

 

L2 

Mean 10.3 13 14 14.6 13.3 7.6 

% Mean 73.6 76.5 87.5 85.9 83.1 76 
  

Table 4.2 

Means and percentages of means of formative tests of the internal and external 

locus of control of the control group 

Units I II III IV V VI 

Max. Marks 14 17 16 17 16 10 

L1 Mean 10 11 11.3 13.6 12.3 7.3 

 % Mean 71.4 64.7 70.6 80 76.9 73 

L2 Mean 8.6 10.3 10.3 12.3 11.3 6 

 % Mean 61.1 60.1 64.4 72.4 70.6 60 
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Fig. 4.1 Percentage of means of formative test scores of the four sub groups for 

all the six units 

4.2  ANALYSIS OF TEST OF SPATIAL GEOMETRY SKILLS 

The analysis of variance as the primary technique of statistical analysis in 

experimental design was first used by Sir Ronald Fisher (1935), an English 

statistician, who is also considered to be the father of modern statistics as applied to 

social and behavioural sciences. It was first reported in 1923 and its early applications 

were in the field of agriculture.  The analysis of variance, as the name indicates, deals 

with variance rather than with standard deviations and standard errors.  The relative 

magnitude of variance resulting from different sources can be assessed and whether a 

particular part of the variation was greater than the expected under the null hypotheses 

can also be ascertained. F. Yates, G.E.P. Box, R.C. Boss, O. Kempthorn and W.G. 

Cochran (Montogomery, 1984) advanced the technique as it can greatly increase the 

efficiency of an experiment and often strengthen the conclusions so obtained. 

Selection of the statistical technique-its justification 

An experimental design in which every level of every factor is paired with 

every level of every other factor is known as factorial design. In other words, a 

factorial design is one in which all combinations of the levels of the independent 

variables are included.  Factorial designs combined with ANOVA have several 

important advantages over one-way designs as these allow for a much broader 
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interpretation of the results and permits to evaluate the combined effects of two or 

more experimental treatments when used simultaneously. 

Information from factorial design experiment is more complete than obtained 

from a series of single factor experiments in the sense that evaluation of interaction 

effects can be made.  Also the population to which inference can be made is inclusive 

than the corresponding population for a single factor experiment (Winer, 1971). 

In the present study one repeated measure in terms of categories of skills was 

used for the total spatial geometry skills scores. So, concerned with the problem of 

analyzing data, where some of the treatments may not be independent, and to separate 

out and remove or to partial out the dependence imposed by repeated measure, 2x2x2 

– analysis of variance with one repeated measure- factorial design was employed. One 

of the main advantages of repeated measures- factorial design is that it reduces overall 

variability by using a common subject pool for all treatments, and at the same time 

removes subject differences from error term, leaving the error components 

independent from treatment to treatment. The primary purpose of repeated measures 

on the same element is the control that this kind of design provides over individual 

differences between experimental units. Another advantage of this is in terms of 

economy of subjects. By having each subject serve as his own control, the 

experimenter attempts to work with smaller sample size (Winner,1971).  

In addition to this, the experimenter can predict fairly well about the manner in 

which the experimental variables will operate in isolation and in different possible 

combinations.  Another important consideration which rules out the use of the t-test 

and warrants the use of the more sophisticated F test of significance, is the case of 

situation in which two or more experimental variables or one experimental and one or 

more control variables are simultaneously operating and not only comparison of 

means within each variable is required but also the joint operation and or interaction 

of two or more variables is of interest.  The other two advantages are in terms of the 

validity of the conclusions and the freedom with which several experiments are done 

simultaneously (Mead, 1990, and Winer, 1971). 

Thus in  the present study, following the selection of the statistical technique 

appropriate for data analyses, in terms of the objectives and the hypotheses  a 2x2 

analyses of variance and a 2x2x2 – analysis of variance with one repeated measure 
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were employed. Computational procedure was followed according to the technique 

given by Winer (1971).   

The instructional treatment, locus of control and category of skills were the 

independent variables.  Gain on the spatial geometry skills scores was the dependent 

variable which was calculated as the differences in the post-test scores and pre-test 

scores for each subject. 

Preliminary data handling 

The scores were first processed. The gain scores as measured by the difference 

of post-scores and pre-test scores were worked out for each student.  The gain scores 

of all units involved were also worked out separately for each student and for each of 

the categories of spatial geometry skills viz., knowledge, comprehensive, and 

application category and analyses, synthesis and evaluation category. 

Since the number of test items in knowledge, comprehensive and application 

category (S1) and analyses, synthesis, and evaluation category (S2) of spatial geometry 

skills were not the same the actual gain scores were worked out by converting the 

gain scores to percentages with reference to the number of items in each of the 

categories.  

The obtained gain scores were subjected to the analysis of variance. 3-way 

analysis of variance was used for the total gain scores.  In this, the variables of 

categories of skills viz., knowledge, comprehensive and application category (S1) and 

analyses, synthesis and evaluation category (S2), was a repeated variable. The 

deviation in design is reflected in its special calculation for the error component 

variable. 2-way analysis of variance was used for the knowledge, comprehensive and 

application category and analyses, synthesis and evaluation category of skills 

separately for all the six units.   

F-ratio was computed for the pre-test scores of the treatment groups at two 

levels of locus of control on the test of spatial geometry skills and was found to be 

1.13 and is not significant at 0.05 level of confidence.  Summary of one way analysis 

of variance on pre-test scores on the test of spatial geometry skill scores has been 

presented in Table 4.3. 
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Table 4.3 

Summary of one-way analysis of variance on pre-test scores on the test of spatial 

geometry skill scores 

Sources of Variation SS Df MSS F-Value 

Between Groups 1248 03 415.3 1.1 

Within Groups (Error) 42636 116 367.6  

Total  119   

 

Thus it may be inferred that the two treatment groups were comparable with 

regard to their previous knowledge. 

As is the case of all parametric statistical tests in the mathematical 

development of the analysis of variance, a number of assumptions have been made.  It 

is important to look at the procedures of collecting data, and the nature of the 

distribution of the data obtained before taking a decision to use this technique.  

Normally, the data should satisfy the following assumptions (Aggarwal, 2002). 

1.  Normality of distribution: The dependent variable in the population from 

which the samples have been drawn should be normally distributed.  Otherwise the 

results could be somewhat more significant than they actually are. 

2.  Homogeneity of the variance: The variances of different sub groups should 

not differ beyond chance.  Gross departures from homogeneity of variance may lead 

to erroneous of results.  However, mild departures from homogeneity of variance may 

not affect the results much and are statistically tolerable. 

3.  Additivity of effects: An additive effect refers to the role of a variable in an 

estimated model. A variable that has an additive effect can merely be added to the 

other terms in a model to determine its effect on the independent variable. Contrast 

with interaction effect. The basic model of ANOVA states that the given observation 

or a score is a sum of certain components each due to the effect of a particular 

identifiable source of variation.  This assumption is generally met.  

4.  Random sampling: The sampling within the various groups should be 

random.  In other words, the observations should be mutually independent and with 

equal chance of selection. 

http://www.statistics.com/index.php?page=glossary&term_id=464
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But in general, the minor departure of the data from independence, at the 

normal distribution and homogeneity variance will not affect considerably the 

efficiency of estimates and significance levels of tests.  Only the gross departure from 

these assumptions can seriously affect statistical inference (Kuehl, 2001). 

The following analyses were worked out 

A.  2 x 2 x 2 – Analysis of variance on mean gain scores of test of spatial 

geometry skills. 

B.  2 x 2 – Analysis of variance for mean gain scores of various units of spatial 

geometry skills. 

C.  2 x 2 – Analysis of variance on mean gain scores of spatial geometry skills at 

knowledge, comprehensive and application category of skills of various units. 

D.  2 x 2 – Analysis of variance on mean gain scores of spatial geometry skills at 

analyses, synthesis and evaluation category of skills of various units. 

Assumptions of ANOVA 

Normality: Means, medians, standard deviations, skewness and kurtosis of total 

spatial geometry skills were calculated and have been presented in Table 4.4. 

 

Table 4.4 

Means, medians, standard deviations, skewness and kurtosis of mean gain scores 

on total spatial geometry skills 

 Experimental Group T1 Experimental Group T2 Total Sample 

 L1  

n = 30 

L2 

n = 30 

L1  

n = 30 

L2 

n = 30 

N = 120  

M 54.3 48.8 27.5 20.3 37.7 

Mdn 52.0 44.6 26.5 21.9 39.4 

SD 6.3 4.9 4.3 5.3 14.2 

Sk 0.6 0.6 0.8 -0.3 0.1 

Ku -0.5 -1.2 0.5 -0.4 -1.3 
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Skewness: Table 4.4 reveals that the absolute value for the measure of skewness for 

the total test of the spatial geometry skills gain scores for experimental group with 

internal locus of control (L1T1), was 0.6 and for the total test of the spatial geometrical 

skills gain scores for experimental group with external locus of control (L2T1), was 

0.6. For the control group with internal locus of control (L1T2), the absolute value of 

measure of skewness was 0.8 and for control group with external locus of control 

(L2T2), the absolute value of the measure of skewness was found to be 0.3. The 

absolute value for the measure of skewness for the total was found to be 0.1. 

The absolute values of measures of skewness of the test of the geometrical 

skills vary from 0.1 to 0.8 for all four groups viz., L1T1, L2T1, L1T2, L2T2 and their 

total. All these measures, but two, are nearly zero. Since all these values fall within -2 

and +2,we can interpret, therefore, that all the distributions of all these sub-groups 

namely, L1T1, L2T1, L1T2, L2T2 and of the total test of the spatial geometry skills gain 

scores are not different from the normal curve in terms of symmetry. 

Kurtosis: Table 4.4 reveals the absolute value of the measure of kurtosis for 

experimental group with internal locus of control (L1T1) was 0.5 and for experimental 

group with external locus of control (L2T1), it was 1.2. In the control group with the 

internal locus of control (L1T2), the absolute value for the measure of kurtosis for 

spatial geometry skills gain scores was found to be 0.5 and for the control group with 

external locus of control (L2T2), it was 0.4. The absolute value for the measures of 

kurtosis for total spatial geometrical skills gain scores was found to be 1.3. 

The absolute values of kurtosis for the total test of the geometrical skills gain 

scores for all the four groups L1T1, L2T1, L1T2, L2T2 and their total varied from 0.4 to 

1.3. Since all these values fall within -2 and +2,  it may be safely interpreted, that all 

the distributions of the four sub-groups namely (L1T1), (L2T1), (L1T2), (L2T2) and of 

the total test of the spatial geometry skills gain scores were not significantly different 

from the normal curve. 

Homogeneity: Being more sophisticated, sensitive and accurate measures of testing 

significance of difference among variances and being based upon all the group 

variances, Bartlett’s Test was worked out to test the homogeneity of variance,   Table 

4.5 shows the worksheet for Bartlett’s Test. 
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Table 4.5 

Worksheet for Bartlett’s Test 

 T1 T2 Total 

 L1 L2 L1 L2  

Variance 25.8 24.0 18.8 28.1 96.7 

Log Variance 1.4 1.4 1.3 1.4 5.5 

χ²=0.1195 
  

Table 4.5 reveals that the calculated Chi-square value for total spatial 

geometry skills gain scores for all the four groups i.e. two sub – groups of 

experimental (L1T1 and L2 T1) and two sub – groups of control (L1T2 and L2 T2) was 

0.1195.  This value was not significant at 0.01 level of confidence. So it may be 

interpreted that the variances for the total spatial geometry skills gain scores for all the 

four groups was homogeneous. So there were no significant differences in the 

variances of all the four groups on spatial geometry skills gain scores and so all these 

groups were considered to be homogeneous.  

Additivity of effects:  In the present study each of the given observations or scores on 

spatial geometry skills was a sum of certain components and it was due to the effect 

of a particular identifiable source of variation. So this assumption was met. 

Random sampling: Since the observations were mutually independent and with 

equal chance of selection, this assumption was also met. 

A.       2 x 2 x 2 – Analysis of variance of mean gain scores on spatial geometry skills  

A 2 x 2 x 2 – Analysis of variance with one repeated measure in terms of 

categories of spatial geometry skills, was used for the total spatial geometry skills 

gain scores.   

The following set of hypotheses was tested through analysis of variance. 

H1    The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students. 

H2    There is no significance difference in mean gain scores of spatial geometry 

skills of the students with internal and external locus of control. 
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H3    Comparable mean gain on spatial geometry skills scores are yielded by the 

students at knowledge, comprehension and application category and analyses, 

synthesis and evaluation category of spatial geometry skills. 

H4    There is no significant interaction between instructional treatments and locus 

of control. 

H5    There is no significant interaction between instructional treatments and 

categories of spatial geometry skills. 

H6    There is no significant interaction between locus of control and categories of 

spatial geometry skills.  

H7    The two instructional treatments attain comparable mean gain scores on spatial 

geometry skills with internal and external locus of control at knowledge, 

comprehension and application category and analyses, synthesis and 

evaluation category of spatial geometry skills. 

 

Table 4.6 

Means and standard deviation of sub – samples of 2 x 2 x 2 design for mean gain 

scores on spatial geometry skills 

L S T1 T2 Total 

L1 S1 

M = 48.2 

SD = 4.3 

n = 30 

M = 30.9 

SD = 6.6 

n = 30 

M = 39.6 

SD = 6.3 

n = 60 

 S2 

M = 60.4 

SD = 7.0 

n = 30 

M = 24.6 

SD = 3.3 

n = 30 

M = 42.5 

SD = 8.7 

n = 60 

L2 S1 

M = 41.2 

SD = 5.1 

n = 30 

M = 26.2 

SD= 6.1 

n = 30 

M = 33.7 

SD = 9.4 

n = 60 

 S2 

M = 53.0 

SD = 6.6 

n = 30 

M = 17.8 

SD = 3.0 

n = 30 

M = 35.4 

SD = 6.4 

n = 60 

 



  

163 

Table 4.7 

2 x 2 x 2 ANOVA for mean gain scores on spatial geometry skills 

Source of variation df SS MSS F-ratio Level of 

Significance 

Treatment (T) 1 132007.9 132007.9 320.1 0.01 

Locus of control (L) 1 13336.1 13336.1 32.3 0.01 

T x L 1 40.98 40.98 0.10 N.Sig 

Error between 116 47835.3 412.3 ---  

Categories of Skills(S) 1 4170.1 4170.1 65.6 0.01 

T x S 1 238.3 238.3 3.8 N.Sig 

L x S 1 19.8 19.8 0.3 N.Sig 

T x L x S 1 8.8 8.8 0.1 N.Sig 

Error within 116 7370.3 63.5 --  

 

 

Main Effects 

Treatments (T) 

F-ratio for the two instructional treatments was found to be significant at 0.01 

level of confidence.  So the two instructional treatments exhibited difference in the 

mean gains on spatial geometry skills.  Thus, H1 was rejected, as the students taught 

spatial geometry by experiential learning strategies exhibited better spatial geometry 

skills than taught by traditional learning method. 

Locus of control (L) 

F-ratio for the difference between mean gain scores on spatial geometry skills 

obtained by students of internal and external locus of control was found to be 

significant at 0.01 level of confidence.  Hence, H2 was rejected as students with 

internal locus of control performed better than their counterparts with external locus 

of control. 
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Categories of skills (S) 

F-ratio for the difference in means of the two categories of skills was found to 

be significant at 0.01 level of confidence. Thus H3 was rejected, as the students 

performed better at analyses, synthesis and evaluation category of skills than at 

knowledge, comprehension and application category of skills. 

Interaction Effects 

Treatment and locus of control (T x L) 

F-ratio for the interaction between the two variables viz., treatment and locus 

of control was not found to be significant even at 0.05 level of confidence.  So, it may 

be inferred that there was no significant interaction between instructional treatments 

and locus of control; with respect to spatial geometry skills mean gain scores. Thus, 

H4 was retained. 

Treatment and categories of objectives (T x S) 

F-ratio for the interaction between the two variables viz., treatments and 

categories of skills was not found significant even at 0.05 level of confidence.  So, it 

may be inferred that there was no significant interaction between instructional 

treatments at knowledge, comprehension and application category and analyses, 

synthesis and evaluation category of spatial geometry skills. Thus, H5 was retained. 

Locus of control and categories of objectives (L x S) 

F-ratio for the interaction between locus of control and categories of 

objectives was not found to be significant even at 0.05 level of confidence leading to 

the inference that there is no interaction between locus of control and categories of 

spatial geometry skills i.e, the students with internal or external locus of control 

gained comparable scores at knowledge, comprehension and application category and 

analyses, synthesis and evaluation category of spatial geometry skills. Thus, H6 was 

retained. 

Treatment, locus of control and categories of spatial geometry skills (T x L x S) 

F-ratio for the interaction among the three variables was not found to be 

significant even at 0.05 level of confidence.  Thus H7 was retained as treatment, locus 

of control and categories of skills were not found to interact with one another. 
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B.  2 x 2 – Analysis of variance for mean gain scores of various units on 

spatial geometry skills 

Following set of null hypothesis were tested through this analysis. 

H8  The two instructional treatments yield comparable mean gain scores on total 

spatial geometry skills of the students.   

H8.1 The two instructional treatments yield comparable mean gain scores on total 

spatial geometry skills of the students with respect to unit I viz., A point, line 

and angle. 

H8.2 The two instructional treatments yield comparable mean gain scores on total 

spatial geometry skills of the students with respect to unit II viz., Closed, 

open, regular and irregular shapes. 

H8.3 The two instructional treatments yield comparable mean gain scores on total 

spatial geometry skills of the students with respect to unit III viz., Perimeter 

and Area.  

H8.4 The two instructional treatments yield comparable mean gain scores on total 

spatial geometry skills of the students with respect to unit IV viz., volume. 

H8.5  The two instructional treatments yield comparable mean gain scores on total 

spatial geometry skills of the students with respect to unit V viz., 

Classification of data.  

H8.6 The two instructional treatments yield comparable mean gain scores on total 

spatial geometry skills of the students with respect to unit-VI viz., Symmetry, 

reflection and similarity. 

H9 There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control. 

H9.1 There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control with respect to 

unit I viz., A point, line and angle. 

H9.2 There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control with respect to 

unit II viz., Closed, open ,regular and irregular shapes. 
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H9.3 There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control with respect to 

unit III viz., Perimeter and Area.  

H9.4   There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control with respect to 

unit IV viz., volume. 

H9.5 There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control with respect to 

unit V viz., Classification of data.  

H9.6 There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control with respect to 

unit VI viz., Symmetry, reflection and similarity. 

H10 There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students. 

H10.1 There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students with respect unit I viz., A 

point, line and angle. 

H10.2 There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students with respect to unit II viz., 

Closed, open ,regular and irregular shapes. 

H10.3 There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students with respect to unit III viz., 

Perimeter and Area.  

H10.4 There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students with respect to unit IV viz., 

volume. 

H10.5  There is no significant interaction between instructional treatment and locus 

of control on total spatial geometry skills of students with respect to unit V 

viz., Classification of data.  

H10.6 There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students with respect to unit VI viz., 

Symmetry, reflection and similarity. 
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Table 4.8 

Means and Standard Deviations of sub – samples of 2 X 2 design for mean      

gain scores on spatial geometry skills 

  T1 T2 Total 

Total 

L1 

M = 54.3 

SD = 5.1 

n = 30 

M = 27.7 

SD = 4.3 

n = 30 

M = 41.0 

SD = 6.3 

n = 60 

L2 

M = 47.1 

SD = 4.9 

n = 30 

M = 21.0 

SD = 5.3 

n = 30 

M = 34.5 

SD = 6.5 

n = 60 

Unit I 

L1 

M = 60.4 

SD = 6.5 

n = 30 

M = 34.5 

SD = 8.0 

n = 30 

M = 47.5 

SD = 8.3 

n = 60 

L2 

M = 58.3 

SD = 8.5 

n = 30 

M = 22.3 

SD = 9.9 

n = 30 

M = 40.3 

SD = 8.3 

n = 60 

Unit II 

L1 

M = 59.4 

SD = 6.3 

n = 30 

M = 30.3 

SD = 5.8 

n = 30 

M = 44.9 

SD = 8.1 

n = 60 

L2 

M = 52.2 

SD = 7.8 

n = 30 

M = 25.0 

SD = 3.2 

n = 30 

M = 38.6 

SD = 5.6 

n = 60 

Unit III 

L1 

M = 50.4 

SD = 7.3 

n = 30 

M = 22.7 

SD = 4.1 

n = 30 

M = 36.5 

SD = 6.6 

n = 60 

L2 

M = 45.1 

SD = 5.1 

n = 30 

M = 21.7 

SD = 3.3 

n = 30 

M = 33.4 

SD = 5.9 

n = 60 

Unit IV 

L1 

M = 46.6 

SD = 7.6 

n = 30 

M = 22.1 

SD = 3.8 

n = 30 

M = 34.3 

SD = 6.8 

n = 60 

L2 

M = 44.3 

SD = 6.2 

n = 30 

M = 19.4 

SD = 4.8 

n = 30 

M = 31.9 

SD = 6.0 

n = 60 

Unit V 

L1 

M = 51.3 

SD = 6.1 

n = 30 

M = 23.7 

SD = 6.6 

n = 30 

M = 37.5 

SD = 9.4 

n = 60 

L2 

M = 46.4 

SD = 5.1 

n = 30 

M = 17.2 

SD = 4.8 

n = 30 

M = 31.8 

SD = 6.3 

n = 60 

Unit VI 

L1 

M = 57.9 

SD = 7.1 

n = 30 

M = 36.7 

SD = 5.2 

n = 30 

M = 47.3 

SD = 6.6 

n = 60 

L2 

M = 36.3 

SD = 5.4 

n = 30 

M = 26.3 

SD = 5.8 

n = 30 

M = 31.3 

SD = 6.3 

n = 60 
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Table 4.9 

Summary of 2 X 2 ANOVA for mean gain scores on spatial geometry skills of 

various units. 

 
Source of 

Variation 
df SS MSS F – ratio 

Level of 

Significance 

Unit I 

T 1 5813.3 5813.3 111.0 0.01 

L 1 204.4 204.4 4.0 N. Sig 

T x L 1 126.7 126.7 2.4 N. Sig 

Error 116 6078.3 52.4 ---  

Unit II 

T 1 9494.8 9494.8 132.5 0.01 

L 1 252.3 252.3 3.5 0.01 

T x L 1 25.6 25.6 0.4 N. Sig 

Error 116 8314.4 71.7 ---  

Unit III 

T 1 6020.4 6020.4 102.3 0.01 

L 1 294.3 294.3 4.6 0.05 

T x L 1 144.9 144.9 2.2 N. Sig 

Error 116 7504.6 64.7 ---  

Unit IV 

T 1 7246.6 7246.6 98.5 0.01 

L 1 190 190 2.6 N. Sig 

T x L 1 1 1 0.0 N. Sig 

Error 116 8530.6 73.5 ---  

Unit V 

T 1 9697.6 9697.6 108.9 0.01 

L 1 974.4 974.4 10.9 0.01 

T x L 1 19.1 19.1 0.2 N. Sig 

Error 116 10389.3 89.6 ---  

Unit VI 
T 1 7520.9 7520.9 77.4 0.01 

L 1 6045.1 6045.1 20.7 0.01 

 
T x L 1 292.6 292.6 3.01 N. Sig 

Error 116 11276.7 97.2   
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Main Effects 

Treatment (T) 

F–ratios for the difference between the two instructional treatments were 

found to be significant for total scores on spatial geometry skills and for its all six 

units at 0.01 level of confidence.  Hence H8, H8.1, H8.2, H8.3, H8.4, H8.5 and H8.6 were 

rejected as the students taught spatial geometry by experiential learning strategies 

exhibited better spatial geometry skills on total and in its all six units i.e. unit I viz., A 

point, line and angle, unit II viz., Closed, open, regular, irregular shapes, unit III viz., 

Perimeter and Area, unit IV viz., volume, unit V viz., Classification of data and unit 

VI viz., Symmetry, reflection and similarity. 

Locus of control (L) 

F – ratios for the difference between students with different locus of control 

were found to be significant for total scores on spatial geometry skills, unit III, unit V 

and unit VI at 0.05 level of confidence.  However, F – ratio for the difference between 

mean gains of students with different locus of control was found to be not significant 

for unit I, unit II and unit IV at 0.05 level of confidence.  Hence H9, H9.3, H9.5 and H9.6       

were rejected whereas H9.1, H9.2 and H9.4 were retained. Students with internal locus 

of control exhibited better spatial geometry skills in three units i.e. unit III viz., viz., 

Perimeter and Area unit V viz., Classification of data and unit VI viz., Symmetry, 

reflection and similarity. 

Interaction Effect 

Treatment and locus of control (T x L) 

F – ratios for the interaction between treatments and locus of control were not 

found to be significant for total spatial geometry skills scores and for the scores in , 

unit I, unit II, unit III, unit IV ,unit V  and unit VI even at 0.05 level of confidence. 

Hence H10, H10.1, H10.2, H10.3, H10.4, H10.5, and H10.6 were retained. There was no 

interaction between treatment and locus of control with respect to scores on total 

spatial geometry skills and scores with respect to all the six units i.e., unit I viz., A 

point, line and angle, unit II viz., Closed, open, regular, irregular shapes, unit III viz., 

Perimeter and Area, unit IV viz., volume, unit V viz., Classification of data and unit 

VI viz., Symmetry, reflection and similarity. 
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C. 2 X 2 – Analysis of variance of mean gain scores on spatial geometry skills 

at knowledge, comprehension and application category  

Following set of null hypothesis were tested through this analysis. 

H11  The two instructional treatments yield comparable mean gain scores on  

spatial geometry skills of the students at knowledge, comprehension and 

application category.   

H11.1 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application 

category with respect to unit I viz., a point, line and angle. 

H11.2 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application 

category with respect to unit II viz., closed, open, regular and irregular shapes. 

H11.3 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application 

category with respect to unit III viz., perimeter and area.  

H11.4 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application 

category with respect to unit IV viz., volume. 

H11.5 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application 

category with respect to unit V viz., classification of data.  

H11.6 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application 

category with respect to unit VI viz., symmetry, reflection and similarity. 

H12 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at knowledge, 

comprehension and application category. 

H12.1 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect to unit I viz., A point, 

line and angle. 
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H12.2 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect to unit II viz., Closed, 

open , regular and irregular shapes. 

H12.3 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect unit III viz., Perimeter 

and Area.  

H12.4   There is no significant difference in mean gain scores on spatial geometry skills 

of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect to unit IV viz., volume. 

H12.5 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect unit V viz., 

Classification of data.  

H12.6 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect to unit VI viz., 

Symmetry, reflection and similarity. 

H13 There is no significant interaction between instructional treatment and locus of 

control.  

H13.1 There is no significant interaction between instructional treatment and locus of 

control with respect to unit I viz., a point, line and angle. 

H13.2 There is no significant interaction between instructional treatment and locus of 

control with respect to unit II viz., closed, open, regular and irregular shapes. 

H13.3 There is no significant interaction between instructional treatment and locus of 

control with respect to unit III viz., perimeter and area.  

H13.4 There is no significant interaction between instructional treatment and locus of 

control with respect to unit IV viz., volume. 

H13.5  There is no significant interaction between instructional treatment and locus 

of control with respect to unit V viz., classification of data.  

H13.6 There is no significant interaction between instructional treatment and locus of 

control with respect to unit VI viz., symmetry, reflection and similarity. 
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Table 4.10 

Means and standard deviation of sub – samples of 2 x 2 designs for mean gain 

scores on spatial geometry skills at knowledge, comprehension and application 

category of various units and the total 

  T1 T2 Total 

Total L1 M =48.3 

SD=4.3 

n=30 

M =30.9 

SD=6.6 

n=30 

M =39.6 

SD=6.3 

n=60 

L2 M =41.2 

SD=5.1 

n=30 

M =26.2 

SD=6.1 

n=30 

M =33.7 

SD=9.4 

n=60 

Unit I L1 M =46.4 

SD=6.0 

n=30 

M =36.5 

SD=7.7 

n=30 

M =41.4 

SD=7.6 

n=60 

L2 M =43.9 

SD=6.9 

n=30 

M =24.2 

SD=5.4 

n=30 

M =34.1 

SD=6.5 

n=60 

Unit II L1 M =55.2 

SD=6.0 

n=30 

M =36.7 

SD=6.8 

n=30 

M =45.9 

SD=7.4 

n=60 

L2 M =44.4 

SD=6.3 

n=30 

M =33.0 

SD=4.9 

n=30 

M =38.7 

SD=8.3 

n=60 

Unit III L1 M =44.2 

SD=6.2 

n=30 

M =26.1 

SD=9.2 

n=30 

M =35.1 

SD=8.0 

n=60 

L2 M =42.2 

SD=6.3 

n=30 

M =28.3 

SD=5.2 

n=30 

M =35.8 

SD=6.3 

n=60 

Unit IV L1 M =41.3 

SD=6.1 

n=30 

M =26.4 

SD=5.4 

n=30 

M =33.8 

SD=8.7 

n=60 

L2 M =42.3 

SD=6.1 

n=30 

M =22.8 

SD=7.0 

n=30 

M =32.6 

SD=9.0 

n=60 

Unit V L1 M =40.0 

SD=5.9 

n=30 

M =27.1 

SD=6.1 

n=30 

M =33.6 

SD=6.5 

n=60 

L2 M =37.7 

SD=6.1 

n=30 

M =19.7 

SD=5.2 

n=30 

M =28.7 

SD=7.8 

n=60 

Unit VI L1 M =62.7 

SD=5.6 

n=30 

M =32.7 

SD=9.1 

n=30 

M =47.7 

SD=9.5 

n=60 

L2 M =36.7 

SD=5.8 

n=30 

M =29.3 

SD=6.6 

n=30 

M =33 

SD=6.7 

n=60 
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Table 4.11 

Summary of 2 X 2 ANOVA for mean gain scores on spatial geometry skills at 

knowledge, comprehension and application category of skills of various units and 

the total 
 

 
Source of 

Variation 
df SS MSS F – ratio 

Level of 

Significance 

Total 

T 1 4656.3 4656.3 148.5 0.01 

L 1 128.6 128.6 4.1 N. Sig 

T x L 1 44.4 44.4 1.4 N. Sig 

Error 116 3637.8 31.4 ---  

Unit I 

T 1 6571.2 6571.2 76.0 0.01 

L 1 314.9 314.9 3.6 N. Sig 

T x L 1 200.7 200.7 2.3 N. Sig 

Error 116 10034.7 86.5 ---  

Unit II 

T 1 6737.0 6737.0 50.0 0.01 

L 1 454.1 454.1 3.4 N. Sig 

T x L 1 370.5 370.5 2.8 N. Sig 

Error 116 15630.2 134.7 ---  

Unit III 

T 1 7664.0 7664.0 92.3 0.01 

L 1 338.8 338.8 4.1 0.05 

T x L 1 130.3 130.3 1.6 N. Sig 

Error 116 9632.0 83.0 ---  

Unit IV 

T 1 8840.9 8840.9 85.0 0.01 

L 1 48.2 48.2 0.5 N. Sig 

T x L 1 163.2 163.2 1.6 N. Sig 

Error 116 12067.7 104.0 ---  

Unit V 

T 1 7114.8 7114.8 55.7 0.01 

L 1 710.5 710.5 5.6 0.01 

T x L 1 197.7 197.7 1.6 N. Sig 

Error 116 14813.3 127.7 ---  

Unit VI 

T 1 10453.4 10453.4 58.2 0.01 

L 1 1068.3 1068.3 6.0 0.05 

T x L 1 384.1 384.1 2.1 N. Sig 

Error 116 20826.7 179.5 ---  
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Main Effects 

Treatment (T)  

F–ratios for the difference in the mean gain scores of the two treatment groups 

were found to be significant at 0.01 level of confidence.  So the two instructional 

treatments exhibited different mean gain scores on total spatial geometry skills and in 

its all the six units.  Thus the hypotheses H11, H11.1, H11.2, H11.3, H11.4, H11.5 and H11.6 

were rejected.  Students taught spatial geometry by experiential learning strategies 

exhibited better spatial geometry skills in all the six units i.e. unit I viz., A point, line 

and angle unit, II viz., Closed, open ,regular, irregular shapes, unit III viz., Perimeter 

and Area, unit IV viz., volume, unit V viz., Classification of data and unit VI viz., 

Symmetry, reflection and similarity.  

Locus of control (L) 

F–ratios for the difference between students with different locus of control 

were found to be significant for total scores on spatial geometry skills and for scores 

on spatial geometry skill for unit III, Unit V and unit VI at 0.05 level of confidence.  

However, F-ratios for the difference between mean gain scores between the students 

with different locus of control was found to be not significant for the total unit I, unit 

II, and unit IV, even at 0.05 level of confidence.  Hence H12, H12.3, H12.5 and H12.6  were 

rejected whereas H12.1, H12.2, and H12.4 were retained.  Students with internal locus of 

control exhibited better mean gains on total spatial geometrical skills in unit III viz., 

Perimeter and Area, unit V viz., Classification of data and unit VI viz., Symmetry, 

reflection and similarity.  

Interaction Effect 

Treatment and locus of control (T x L) 

F-ratios for the interaction between treatment and locus of control was not 

found to be significant for total spatial geometry skills and for mean gain scores in all 

the six units, even at 0.05 level of confidence at knowledge, comprehension and 

application category of skills. Hence H13, H13.1, H13.2, H13.3, H13.4, H13.5 and H13.6 were 

all retained. So there was no interaction between treatment and locus of control with 

respect to scores on total spatial geometry skills and for mean gain scores in all the six 

units viz., unit I viz., A point, line and angle unit, II viz., closed, open, regular, 

irregular shapes, unit III viz., Perimeter and Area, unit IV viz., volume, unit V viz., 

Classification of data and unit VI viz., Symmetry, reflection and similarity.  
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D. 2 x 2 – Analysis of variance of mean gain scores on spatial geometry skills 

at analyses, synthesis and evaluation category  

Following set of null hypothesis were tested through this analysis. 

H14  The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category.  

H14.1 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category 

with respect to unit I viz., a point, line and angle. 

H14.2 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category 

with respect to unit II viz., closed, open, regular and irregular shapes. 

H14.3 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category 

with respect to unit III viz., perimeter and area.  

H14.4 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category 

with respect to unit IV viz., volume. 

H14.5 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category 

with respect to unit V viz., classification of data.  

H14.6 The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category 

with respect to unit-VI viz., Symmetry, reflection and similarity. 

H15 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at analyses, 

synthesis and evaluation category. 

H15.1 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at analyses, 

synthesis and evaluation category with respect to unit I viz., A point, line and 

angle. 
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H15.2 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at analyses, 

synthesis and evaluation category with respect to  unit II viz., Closed, open , 

regular and irregular shapes. 

H15.3 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at analyses, 

synthesis and evaluation category with respect to unit III viz., Perimeter and 

Area.  

H15.4   There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at analyses, 

synthesis and evaluation category with respect to unit IV viz., volume. 

H15.5 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at analyses, 

synthesis and evaluation category with respect unit V viz., Classification of 

data.  

H15.6 There is no significant difference in mean gain scores on spatial geometry 

skills of students with the internal and external locus of control at analyses, 

synthesis and evaluation category with respect to unit VI viz., Symmetry, 

reflection and similarity. 

H16 There is no significant interaction between instructional treatment and locus of 

control.  

H16.1 There is no significant interaction between instructional treatment and locus of 

control with respect to unit I viz., a point, line and angle. 

H16.2 There is no significant interaction between instructional treatment and locus of 

control with respect to unit II viz., closed, open, regular and irregular shapes. 

H16.3 There is no significant interaction between instructional treatment and locus of 

control with respect unit III viz., perimeter and area.  

H16.4 There is no significant interaction between instructional treatment and locus of 

control with respect to unit IV viz., volume. 

H16.5  There is no significant interaction between instructional treatment and locus 

of control with respect to unit V viz., classification of data.  

H16.6 There is no significant interaction between instructional treatment and locus of 

control with respect to unit-VI viz., symmetry, reflection and similarity. 
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Table 4.12 

Means and standard deviation of sub – samples of 2 x 2 designs for mean gain 

scores on spatial geometry skills at analyses, synthesis and evaluation category of 

various units and the total 

  T1 T2 Total 

Total L1 M =60.4 

SD=7.0 

n=30 

M =24.6 

SD=3.3 

n=30 

M =42.5 

SD=6.4 

n=60 

L2 M =53.0 

SD=6.6 

n=30 

M =17.8 

SD=3.0 

n=30 

M =35.4 

SD=8.4 

n=60 

Unit I L1 M =74.5 

SD=8.8 

n=30 

M =25.6 

SD=5.9 

n=30 

M =50.0 

SD=8.6 

n=60 

L2 M =72.6 

SD=7.3 

n=30 

M =20.4 

SD=5.0 

n=30 

M =46.5 

SD=9.0 

n=60 

Unit II L1 M =63.7 

SD=7.6 

n=30 

M =24.0 

SD=6.2 

n=30 

M =43.8 

SD=8.2 

n=60 

L2 M =60 

SD=6.1 

n=30 

M =17 

SD=3.2 

n=30 

M =38.5 

SD=6.4 

n=60 

Unit III L1 M =56.7 

SD=6.8 

n=30 

M =19.2 

SD=4.8 

n=30 

M =38.0 

SD=8.8 

n=60 

L2 M =48.0 

SD=7.2 

n=30 

M =15.1 

SD=2.2 

n=30 

M =31.5 

SD=8.7 

n=60 

Unit IV L1 M =51.9 

SD=6.9 

n=30 

M =17.7 

SD=4.3 

n=30 

M =34.8 

SD=6.2 

n=60 

L2 M =46.2 

SD=7.2 

n=30 

M =16.0 

SD=4.3 

n=30 

M =31.1 

SD=7.8 

n=60 

Unit V L1 M =62.5 

SD=8.3 

n=30 

M =20.3 

SD=3.7 

n=30 

M =41.4 

SD=6.9 

n=60 

L2 M =55 

SD=5.7 

n=30 

M =14.7 

SD=3.7 

n=30 

M =34.9 

SD=4.7 

n=60 

Unit VI L1 M =53.3 

SD=4.1 

n=30 

M =40.7 

SD=5.1 

n=30 

M =47 

SD=4.2 

n=60 

L2 M =36 

SD=5.2 

n=30 

M =23.3 

SD=4.3 

n=30 

M =29.7 

SD=4.9 

n=60 
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Table 4.13 

Summary of 2 X 2 ANOVA for mean gain scores on spatial geometry skills at 

analyses, synthesis and evaluation category of various units and the total. 

 
Source of 

Variation 
df SS MSS F – ratio 

Level of 

Significance 

Total 

T 1 5030.5 5030.5 156.9 0.01 

L 1 158.4 158.4 4.9 0.05 

T x L 1 5.6 5.6 0.2 N.Sig 

Error 116 3719.9 32.1 ---  

Unit I 

T 1 34408.6 34408.6 31.3 0.01 

L 1 2977.0 2977.0 2.7 N.Sig 

T x L 1 230.7 230.7 0.2 N.Sig 

Error 116 127429.1 1098.5 ---  

Unit II 

T 1 14835.0 14835.0 180.2 0.01 

L 1 235.9 235.9 2.7 N.Sig 

T x L 1 82.3 82.3 0.9 N.Sig 

Error 116 10247.0 88.3 ---  

Unit III 

T 1 7430.7 7430.7 75.4 0.01 

L 1 1235.2 1235.2 12.5 0.01 

T x L 1 161.0 161.0 1.6 N.Sig 

Error 116 11431.4 98.6 ---  

Unit IV 

T 1 11365.2 11365.2 114.8 0.01 

L 1 41.8 41.8 0.4 N.Sig 

T x L 1 294.0 294.0 3.0 N.Sig 

Error 116 11484.7 99.0 ---  

Unit V 

T 1 6206.9 6206.9 55.3 0.01 

L 1 1273.9 1273.9 11.4 0.01 

T x L 1 29.2 29.2 0.3 N.Sig 

Error 116 13020.1 112.2 ---  

Unit VI 

T 1 9013.4 9013.4 43.1 0.01 

L 1 4813.4 4813.4 23.0 0.01 

T x L 1 303.3 303.3 1.5 N.Sig 

Error 116 24240.0 209.0 ---  
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Main Effects 

Treatment (T)  

F–ratios for the difference in the mean gain scores of the two treatment groups 

were found to be significant at 0.01 level of confidence. So the two instructional 

treatments exhibited different mean gain scores on total spatial geometry skills at 

analyses, synthesis and evaluation category of skills and in it all its six units. Thus the 

hypotheses H14, H14.1, H14.2, H14.3, H14.4, H14.5 and H14.6 were rejected. Students taught 

spatial geometry by experiential learning strategies exhibited better spatial geometry 

skills for total and in unit I viz., a point, line and angle, unit II viz., closed, open, 

regular and irregular shapes, unit III viz., perimeter and area, unit IV viz., volume , 

unit V viz., classification of data and unit VI viz., symmetry, reflection and similarity. 

Locus of control (L) 

F–ratios for the difference between students with different locus of control 

were found to be significant for total scores on spatial geometry skills at analyses, 

synthesis and evaluation category of skills and for unit III, unit V and unit VI. 

However, F-ratios for the difference between mean gain scores between the students 

with different locus of control were found to be not significant for unit I, II, and IV, 

even at 0.05 level of confidence. Hence H15, H15.3, H15.5 and H15.6 were rejected 

whereas H15.1, H15.2 and H15.4 were retained. Students with internal locus of control 

exhibited better mean gains on total spatial geometry skills at analyses, synthesis and 

evaluation category of skills, unit III viz., perimeter and area, unit V viz., 

classification of data and unit VI viz., symmetry, reflection and similarity. 

Interaction Effect 

Treatment and locus of control (T x L) 

F–ratios for the interaction between treatment and locus of control were not 

found to be significant for total spatial geometry skills at analyses, synthesis and 

evaluation category of skills and for the mean gain scores in all the six units even at 

0.05 level of confidence.  Hence, H16, H16.1, H16.2, H16.3, H16.4, H16.5 and H16.6 were 

retained. So there was no significant interaction between the treatment and locus of 

control of the students with respect to mean gain scores in total spatial geometry skills 

at analyses, synthesis and evaluation category of skills and for the mean gain scores in 

all the six units viz., unit I viz., A point, line and angle , unit II viz., Closed , open, 
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regular and irregular shapes,  unit III viz., Perimeter and Area , unit IV viz., volume , 

unit V viz., Classification of data and unit VI viz., Symmetry, reflection and 

similarity. 

4.3  DISCUSSION OF THE RESULTS 

  In the present study, the hypotheses H1 viz., “The two instructional treatments 

yield comparable mean gain scores on spatial geometry skills of the students” was 

rejected as the students of experimental group, learnt spatial geometry by experiential 

learning strategies, exhibited better spatial geometry skills as compared to the students 

of control group who learnt by traditional learning method. This finding is in 

accordance with the research findings of Blomberg (1967) that direct experience 

teaching in the outdoors, provides a better climate for learning. Out-of-door primary 

school students performed better than indoor students taught traditionally (Clarke, 

1967). Rickinson, et al, (2004) after reviewing research between 1993 and 2003 

reported that teaching and learning through outdoor experiences were beneficial and 

fruitful.    

Shukla and Kumar (1977) and Samant (1983) favoured media for educating 

primary school children.  

 Ramsey and Rickinson (1984) reported that attitude develops as a result of 

experiential learning.  

Saab (1987) reported that drama based activities caused a significant increase 

in levels of geometry achievement. The drama based method has a significant effect 

on students' immediate and delayed geometry achievement (Andersen, 2000).  

Duatepe and Ubuz (2005) after reviewing the literature revealed that, drama in 

education develops critical thinking skills (Bailin, 1998; De La Roche, 1993; Kelner, 

1993; San, 1996), supports reflective thinking (Andersen, 2002), stimulates the 

imagination and promotes creative thinking (Bolton 1986; Heinig, 1988; Kelner, 

1993; Morris, 2001; San, 1996), improves achievement in different content areas 

(Farris & Parke 1993; Kamen, 1992; Saab, 1988; Ustündağ, 1997), promotes 

language developments (Heinig, 1988; Kelner, 1993,), fosters decision making skills 

(De La Roche, 1993; San, 1996), promotes communication (Ballou, 2000; Bolton, 

1985; Kelner, 1993), strengthens comprehension and retention (Kelner, 1993; 

Southwell, 1999), promotes problem solving skills (Bolton, 1985; De La Roche, 
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1993; Heinig, 1988), promotes ability to work cooperatively (Farris & Parke 1993; 

Kelner, 1993),provides sensory awareness (Heinig, 1988; Bolton, 1998), brings 

confidence and enhances the students’ self-esteem (Bolton, 1985), increases empathy 

and awareness of others (Heinig, 1988; Kelner, 1993; Yassa, 1997), reinforces 

positive self-concept (Farris & Parke, 1993; Kelner, 1993).  

Duatepe, Paksu and  Ubuz (2009) revealed that drama-based instruction had a 

significant effect on students' achievement, retention of achievement, thinking level, 

and attitudes, regardless of gender, mathematics grade in previous year, and prior 

attitudes and thinking levels. Drama-based instruction made learning easy and 

understanding better by providing the opportunity to contextualize geometric concepts 

and problems. 

Battista et al. (1998) in their study suggested that space conceptualization in 

terms of specific shapes of 2D and 3D is the foundation for geometric and visual 

thinking, and geometric and spatial ideas. 

Kinach (2012) found the effectiveness of experiential learning strategies 

through building and manipulating 2D and 3D objects, diagrams, drawings, graphs, 

models of the physical world. 

Rahim et al. (1998) observed that students' visual and hands-on manipulation 

in geometry enhanced their geometric thinking and understanding of geometric 

shapes, their relationships (a major component of spatial awareness), helped them in 

understanding the visual aspects of their everyday experiences. Young children could 

develop excellent spatial concepts through hands- on activities (Chou, 2005).   

Nomura and Nohda (1999) found that by using dynamic geometry the students 

could visualize the geometrical character of a figure more clearly; they had a better 

understanding of the meaning of the theorem, and were clearer about what they 

should be proving. 

Howson (2000) observed the benefits of appropriate use of dynamic geometry 

software in teaching and learning the theoretically orientated geometry curriculum.  

Warren H. Hitz, Jr. (2001) found a higher percentage of retention for students who 

were taught through the project-based method. Student attitude toward learning was 

slightly more positive for the ‘project group’ than for the ‘traditional group’ for the 

same unit of surface area and volume.  

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Duatepe%5C-Paksu%2C+Asuman)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Ubuz%2C+Behiye)
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Duranczyk.et.al.(2004) explored the urban environment through the socio-

cultural theoretical based project to integrate ethno-Mathematics into the content, 

pedagogy and assessment and found the interactive experiential learning effective. 

Graf (2010) observed that geometry software based projects helped 

students in the explorations, rotations and reflections and build their 

spatial-visualization skills and resulted in a paradigm shift in the students’ 

thinking about symmetry.  

Hung and Fang (2010) explored young children’s geometric cognition and 

reported that most of the young children described concepts by their experiential 

perception. 

Cherico (2011) found that the use of real-world objects aided in developing 

conceptual understanding.  

Dhillon (2012) observed that “playing games” was an effective teaching and 

learning strategy as pupils learnt from their explaining, checking, captivation and 

engagement.  

  Minetoa, Serr and Nelson (2012) observed that first and second graders 

learned shapes from real-world experiences proved to be more than their teachers 

ever expected. Vast array of real-world, 2D and 3D objects in their surroundings 

developed conceptual understanding of geometric shapes.  

The hypotheses H2 viz., “There is no significant difference in mean gain scores 

of spatial geometry skills of the students with internal and external locus of control” 

was rejected as the students with internal locus of control exhibited better spatial 

geometry skills than the students with external locus of control. Similar results were 

obtained by Coleman (1996), Horak and Horak (1982), Findley and Cooper 

(1983), Kernis (1984) and Gershaw (1989) who found that the students 

with internal locus of control performed better than students with external 

locus of control.  

Students with an internal locus of control spent more time at the 

task whereas those with an external locus of control spent less time at                        

the task (Lonky and Reihman, 1980). A person with internal locus                        

of control has belief on his own attempts and efforts (Rothbaum and 

Snyder, 1982). Having an internal locus of control can also be referred to 
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as "Self-agency" "Personal control", "Self-determination" (Harris and 

Case, 2001). 

  External versus internal locus of control of elementary school 

students was a statistically valid predictor of academic success (Lynch 

and Cole, 2002). Internals had more belief in them and are more 

concerned with problems (Whittle, 2003). Students with an internal locus of 

control performed better on the academic performance test and the self-efficacy 

measure than those with an external locus of control (Chang and Ho, 2009).  

Ghonsooly and Elahi (2010) and Fakeye (2011) found a significantly positive 

relationship between the students' locus of control and their achievement. Learning 

performances of the students with internal locus of control were high, and they were 

more proactive and effective during the learning process. On the other hand, the ones 

with external locus of control were more passive and reactive during this period (Rana 

and Zeynep, 2011). Locus of control contributed significantly to the prediction of 

academic achievement of the Junior Secondary School Students (Tella, Tella and 

Adeniyi, 2011).General perceptions of internal locus of control influenced reading 

involvement (Vieira and Grantham, 2011).  

The hypothesis H3 viz., “Comparable mean gain on spatial geometry skills 

scores are yielded by the students at knowledge, comprehension and application 

category and analyses, synthesis and evaluation category of spatial geometry skills” 

was rejected as the students performed better at analyses, synthesis and evaluation 

category of spatial geometry skills than at knowledge, comprehension and application 

category of spatial geometry skills.  

Cognitive skills domain revolve around knowledge, comprehension, 

application, analyses, synthesis and evaluation. Knowledge, comprehension, 

application category of skills tends to be emphasized by traditional teaching 

learning methodologies and traditional education of particularly the lower-order 

one. Analyses, synthesis and evaluation category of skills demands much more 

conscious critical thinking on a particular topic on the other hand. In 

experiential learning strategies, the affective skills develop by default and give 

rise to growth in awareness and attitudes, emotions, and feelings. Experiential 

learning strategies are based on psychomotor skills  involving movement of body 

http://en.wikipedia.org/w/index.php?title=Cognitive_domain&action=edit&redlink=1
http://en.wikipedia.org/wiki/Attitude_(psychology)
http://en.wikipedia.org/w/index.php?title=Psychomotor_domain&action=edit&redlink=1
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parts and physical manipulation of tools or instruments. Harrow (1972) and Dave 

(1967), explained the behaviour of learners of high performers.  

After perception, the ability to use sensory cues to guide motor activity the 

individual chooses, describes, detects, differentiates, distinguishes, identifies, isolates, 

relates, selects and shows his willing to act. At the early stage, in learning a complex 

skill, individual imitates and learn through trial and error. In the next stage, 

the responses become habitual and confident and proficient. Finally individual 

performs without hesitation and automatically and the individual can modify to fit in 

other requirements. In experiential learning the students 

The hypothesis H4 viz., “There is no significant interaction between 

instructional treatments and locus of control’’ was retained as the students with 

internal as well as external Locus of control performed comparably when learnt 

through different instructional strategies. 

The hypothesis H5 viz., “There is no significant interaction between 

instructional treatments and categories of spatial geometry skills” was retained and 

the two variables were found to be independent of one another. 

The hypothesis H6 viz., “There is no significant interaction between locus of 

control and categories of spatial geometry skills” was also retained. 

Similarly hypothesis H7 viz., “The two instructional treatments attain 

comparable mean gain scores on spatial geometry skills with internal and external 

locus of control at knowledge, comprehension and application category and analyses, 

synthesis and evaluation category of spatial geometry skills” was also retained. 

The hypothesis H8 viz., “The two instructional treatments yield comparable 

mean gain scores on total spatial geometry skills of the students” was rejected. Also 

the hypotheses H8.1 viz., “The two instructional treatments yield comparable mean 

gain scores on total spatial geometry skills of the students with respect to unit I viz., A 

point, line and angle”,H8.2 viz., “The two instructional treatments yield comparable 

mean gain scores on total spatial geometry skills of the students with respect to unit II 

viz., Closed, open, regular and irregular shapes”,H8.3 viz., “The two instructional 

treatments yield comparable mean gain scores on total spatial geometry skills of the 

students with respect to unit III viz., Perimeter and Area”, H8.4 viz., “The two 

instructional treatments yield comparable mean gain scores on total spatial geometry 
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skills  of  the students  with  respect  to unit  IV  viz.,  volume”,  H8.5  viz.,   “The two 

instructional treatments yield comparable mean gain scores on total spatial geometry 

skills  of the students with respect to unit V viz.,  classification  of  data”  and  H8.6 

viz., unit-VI viz., symmetry, reflection and similarity” were rejected as the students 

learnt special geometry by experiential learning strategies exhibited better special 

geometry skills than the students learnt spatial geometry by traditional learning 

methods on total spatial geometry skills and in each of the six units i.e. unit I viz., a 

point, line and angle, unit II viz., closed, open, regular and irregular shapes, unit III 

viz., perimeter and area, unit IV viz., volume, unit V viz., classification of data and 

unit-VI viz., symmetry, reflection and similarity. 

The hypothesis H9 viz., “There is no significant difference in mean gain scores 

on total spatial geometry skills of students with internal and external locus of control” 

was rejected. The students with internal locus of control performed better than the 

students with external locus of control. Similarly the hypotheses H9.3 viz., “There is 

no significant difference in mean gain scores on total spatial geometry skills of 

students with internal and external locus of control with respect to unit III viz., 

Perimeter and Area”, H9.5 viz., “There is no significant difference in mean gain scores 

on total spatial geometry skills of students with internal and external locus of        

control with respect to unit V viz., Classification of data” and H9.6 viz., There is no 

significant difference in mean gain scores on total spatial geometry skills of students 

with internal and external locus of control with respect to unit VI viz.,              

Symmetry,   reflection  and   similarity  were  rejected  but hypotheses H9.1  viz., 

“There is no significant difference in mean gain scores on total spatial geometry skills 

of students with internal and external locus of control with respect to unit I viz., a 

point, line and angle”,H9.2 viz.,  “There is no significant difference in mean gain 

scores on total spatial geometry skills of students with internal and external locus of 

control with respect to unit II viz., closed, open ,regular and irregular shapes” and H9.4 

viz., “There is no significant difference in mean gain scores on total spatial geometry 

skills of students with internal and external locus of control with respect to unit IV 

viz., volume were retained as the internals exhibited better spatial geometry skills than 

the externals with respect to total spatial geometry skills, unit III viz., Perimeter and 

Area, unit V viz., Classification of data and unit VI viz., Symmetry, reflection and 

similarity. The students with internal as well external locus of control exhibited their 



  

186 

skills comparably in unit I viz., a point, line and angle”, unit II viz., closed, open, 

regular and irregular shapes” and unit IV viz., volume.  

The hypothesis H10 viz., “There is no significant interaction between 

instructional treatment and locus of control on total spatial geometry skills of 

students” was retained. Similarly the hypotheses H10.1 viz.,  “There is no significant 

interaction between instructional treatment and locus of control on total spatial 

geometry skills of students with respect unit I viz., a point, line and angle”,H10.2 viz., 

“There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students with respect to unit II viz., closed, 

open ,regular and irregular shapes”,H10.3 viz., “There is no significant interaction 

between instructional treatment and locus of control on total spatial geometry skills of 

students with respect to unit III viz., perimeter and area”, H10.4 viz.,  “There is no 

significant interaction between instructional treatment and locus of control on total 

spatial geometry skills of students with respect to  unit  IV viz., volume”, H10.5 viz., 

“There is no significant interaction between instructional treatment and locus of 

control on total spatial geometry skills of students with respect to unit V viz., 

classification of data” and H10.6 viz., “There is no significant interaction between 

instructional treatment and locus of control on total spatial geometry skills of students 

with respect to unit VI viz., Symmetry, reflection and similarity” were retained. So no 

interaction between the two instructional treatments and locus of control on total 

spatial geometry skills of students and with respect to all of the six units i.e. unit I 

viz., a point, line and angle, unit II viz., closed, open, regular and irregular shapes, 

unit III viz., perimeter and area, unit IV viz., volume, unit V viz., classification of data 

and unit-VI viz., symmetry, reflection and similarity. 

         The hypotheses pertaining to knowledge, comprehension and application 

category of spatial geometry skills for total and all the six units namely, H11 viz.,

 “The two instructional treatments yield comparable mean gain scores on  

spatial geometry skills of the students at knowledge, comprehension and application 

category”,H11.1 viz., “The two instructional treatments yield comparable mean gain 

scores on spatial  geometry skills of the students at knowledge, comprehension and 

application category with respect to unit I viz., A point, line and angle”,H11.2 viz.,  

“The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application category 

with respect unit II viz., closed, open , regular and irregular shapes”,H11.3 viz.,  
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“The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application category 

with respect to unit III viz., perimeter and area”,H11.4 viz.,  “The two instructional 

treatments yield comparable mean gain scores on spatial geometry skills of the 

students at knowledge, comprehension and application category with respect to unit 

IV viz., volume”,H11.5 viz.,  “The two instructional treatments yield comparable mean 

gain scores on spatial geometry skills of the students at knowledge, comprehension 

and application category with respect unit V viz., classification of data” and H11.6 viz., 

“The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at knowledge, comprehension and application category 

with respect to unit VI viz., symmetry, reflection and similarity” were all rejected as 

experiential learning strategies enhanced their knowledge, comprehension and 

application category of spatial geometry skills on the total and in all the six units, 

namely, unit I viz., a point, line and angle, unit II viz., closed, open, regular and 

irregular shapes, unit III viz., perimeter and area, unit IV viz., volume, unit V viz., 

classification of data and unit-VI viz., symmetry, reflection and similarity. Obviously, 

the students learnt through experiential learning strategies ie. Outdoor experiences, 

use of media and fun activities enhanced their spatial geometry skills pertaining to 

knowledge, comprehension and application category than their counterparts i.e. 

students subjected to traditional learning methods. 

The hypotheses H12 viz., “There is no significant difference in mean gain 

scores on spatial geometry skills of students with the internal and external locus of 

control at knowledge, comprehension and application category”, H12.3 viz., There is 

no significant difference in mean gain scores on spatial geometry skills of students 

with the internal and external locus of control at knowledge, comprehension                 

and application category with respect unit III viz., Perimeter and Area”, H12.5  

viz., “There is no significant difference in mean gain scores on spatial geometry skills 

of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect unit V viz., Classification of 

data” and H12.6 viz., “There is no significant difference in mean gain scores on spatial 

geometry skills of students with the internal and external locus of control at 

knowledge, comprehension and application category with respect to unit VI viz., 

Symmetry, reflection and similarity” were rejected. Thus internals exhibited better 

mean gain scores on total and the three units, namely, unit III viz., Perimeter and 
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Area, unit V viz., Classification of data” and unit VI viz., Symmetry, reflection and 

similarity than the externals on spatial geometry skills at knowledge, comprehension 

and application category. On the other hand the hypotheses H12.1 viz., “There is no 

significant difference in mean gain scores on spatial  geometry  skills of students with 

the internal and external locus of control at knowledge, comprehension and 

application category with respect to unit I viz., a point, line and angle”,H12.2  

viz., “There is no significant difference in mean gain scores on spatial geometry skills 

of students with the internal and external locus of control at knowledge, 

comprehension and application category with respect to unit II viz., closed, open , 

regular and irregular shapes” and H12.4 viz., “There is no significant difference in 

mean gain scores on spatial geometry skills of students with the internal and external 

locus of control at knowledge, comprehension and application category with respect 

to unit IV viz., volume” were retained as both the internals and externals exhibited 

comparable mean gain scores at unit I viz., a point, line and angle, unit II viz., closed, 

open , regular and irregular shapes and unit IV viz., volume. 

The hypothesis H13 viz., “There is no significant interaction between 

instructional treatment and locus of control” was retained and so the hypotheses H13.1 

viz., “There is no significant interaction between instructional treatment and locus of 

control with respect to unit I viz., a point, line and angle”, H13.2 viz., “There is no 

significant interaction between instructional treatment and locus of control with 

respect unit II viz., closed, open, regular and irregular shapes”, H13.3 viz., “There is no 

significant interaction between instructional treatment and locus of control with 

respect unit III viz., Perimeter and Area” , H13.4 viz.,  “There is no significant 

interaction between instructional treatment and locus of control with respect unit IV 

viz., volume”, H13.5 viz., “There is no significant interaction between instructional 

treatment and locus of control with respect unit V viz., Classification of data” and 

H13.6 viz., “There is no significant interaction between instructional treatment and 

locus of control with respect to unit VI viz., Symmetry, reflection and similarity”. No 

significant interaction was found between instructional treatments and locus of control 

for total as well as in all of the six units i.e. unit I viz., a point, line and angle, unit II 

viz., closed, open, regular and irregular shapes, unit III viz., perimeter and area, unit 

IV viz., volume, unit V viz., classification of data and unit-VI viz., symmetry, 

reflection and similarity. 
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        The hypotheses pertaining to analyses, synthesis and evaluation category of the 

total spatial geometry skills and for all the six units, namely, H14, viz., “The two 

instructional treatments yield comparable mean gain scores on spatial geometry skills 

of the students at analyses, synthesis and evaluation category”, H14.1 viz., ”The two 

instructional treatments yield comparable mean gain scores on spatial geometry skills 

of the students at analyses, synthesis and evaluation category with respect to unit I 

viz., A point, line and angle”, H14.2 viz., “The two instructional treatments yield 

comparable mean gain scores on spatial geometry skills of the students at analyses, 

synthesis and evaluation category with respect to unit II viz., closed, open ,regular and  

irregular shapes”,H14.3 viz., “The two instructional treatments yield comparable mean 

gain scores on spatial geometry skills of the students at analyses, synthesis and 

evaluation category with respect to unit III viz., Perimeter and Area”,H14.4 viz., “The 

two instructional treatments yield comparable mean gain scores on spatial geometry 

skills of the students at analyses, synthesis and evaluation category with respect unit 

IV viz., volume”, H14.5 viz., “The two instructional treatments yield comparable mean 

gain scores on spatial geometry skills of the students at analyses, synthesis and 

evaluation category with respect to unit V viz., Classification of data” and H14.6 viz., 

“The two instructional treatments yield comparable mean gain scores on spatial 

geometry skills of the students at analyses, synthesis and evaluation category with 

respect to unit-VI viz., symmetry, reflection and similarity” were rejected as 

experiential learning strategies enhanced the students’ total spatial geometry skills as 

well as at all the six units at analyses, synthesis and evaluation category.     

The hypotheses H15 viz., “There is no significant difference in mean gain 

scores on spatial geometry skills of students with the internal and external locus of 

control at analyses, synthesis and evaluation category”, H15.3 viz., “There is no 

significant difference in mean gain scores on spatial geometry skills of students with 

the internal and external locus of control at analyses, synthesis and evaluation 

category with respect to unit III viz., perimeter and area”, H15.5 viz., “There is no 

significant difference in mean gain scores on spatial geometry skills of students with 

the internal and external locus of control at analyses, synthesis and evaluation 

category with respect unit V viz., classification of data” and H15.6 viz., “There is no 

significant difference in mean gain scores on spatial geometry skills of students with 

the internal and external locus of control at analyses, synthesis and evaluation 

category with respect to unit VI viz., Symmetry, reflection and similarity were 

rejected as the students with internal locus of control exhibited better spatial geometry 
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skills at analyses, synthesis and evaluation category when subjected to experiential 

learning strategies in the total as well as in the three units, namely, unit III viz., 

perimeter and area, unit V viz., classification of data and unit VI viz., Symmetry, 

reflection and similarity than the students with external locus of control. Whereas the 

hypotheses H15.1 viz., “There is no significant difference in mean gain scores on 

spatial geometry skills of students with the internal and external locus of control at 

analyses, synthesis and evaluation category with respect to unit I viz., A point, line 

and angle”,H15.2 viz., “There is no significant difference in mean gain scores on 

spatial geometry skills of students with the internal and external locus of control at 

analyses, synthesis and evaluation category with respect to  unit II viz., Closed, open , 

regular and irregular shapes” and  H15.4 viz., “There is no significant difference in 

mean gain scores on spatial geometry skills of students with the internal and external 

locus of control at analyses, synthesis and evaluation category with respect to unit IV 

viz., volume” were retained as the students with internal locus of control and with 

external locus of control exhibited comparable spatial geometry skills at analyses, 

synthesis and evaluation category when subjected to experiential learning strategies in 

the three units, namely, unit I viz., A point, line and angle”, unit II viz., Closed, open , 

regular and irregular shapes” and  unit IV viz., volume” 

The hypothesis pertaining to interaction between the two instructional 

treatments and the locus of control, namely, H16 viz., “There is no significant 

interaction between instructional treatment and locus of control” was retained. The 

hypotheses H16.1viz., “There is no significant interaction between instructional 

treatment and locus of control with respect to unit I viz., A point, line and angle”,H16.2 

viz., “There is no significant interaction between instructional treatment and locus of 

control with respect to unit II viz., closed , open, regular and irregular shapes”, H16.3 

viz., “There is no significant interaction between instructional treatment and locus of 

control with respect unit III viz., perimeter and area”, H16.4viz., “There is no 

significant interaction between instructional treatment and locus of control with 

respect to unit IV viz., volume”, H16.5 viz., “There is no significant interaction 

between instructional treatment and locus of control with respect to unit V viz., 

Classification of data” and H16.6 viz., “There is no significant interaction between 

instructional treatment and locus of control with respect to unit-VI viz., Symmetry, 

reflection and similarity” were also retained. Thus no significant interaction was 

present between instructional treatment and the locus of control.  


