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[bookmark: _Toc102755616]INTRODUCTION

  This report will outline the analysation, visualisation and comparison through numerous tests and theories and hypothesis of the given dataset. The data set is the result of a study conducted on primary school children’s tests results when studying using conventional methods compared to using the application that the researchers have offered. This report aims to deliver a better and easier understanding of which study method is best and offers the best reports with substantiable evidence such as visuals and scientific and mathematical research based on data statistics

[bookmark: _Toc102755617]Description of the dataset

The given dataset is compiled of the test results of 40 Year five primary school children that were selected by a local company to assess their mathematical learning application and there are two categories of data, the results obtained from the conventional way of learning and the results obtained after using the application. The study’s purpose is to verify whether they should continue the development of the application.[1]
Statistics are resulted from a complex and verifiable process, and they are helpful in a multitude of domains as they deliver clear mathematical results that can sustain a studied hypothesis, they are of two main types, inferential statistics, and descriptive statistics.[1]
Descriptive statistics are used to describe the underlying properties of data in a study, they deliver succinct outlines of the data, and they form the basis of almost every mathematical data testing, along with simple visual and graphic testing. They break down into two branches, the measures of central tendency and the measures of variability some of which will be provided based on the above-mentioned dataset.[2]
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[bookmark: _Toc102755618]Visualisation of the dataset
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[bookmark: _Toc102745962]Figure 4.Visualisation of the Dataset


· Both given dataset charts provide a better and clearer understanding of the evolution of the test results before and after the usage of the application per each child that has taken part in the study, and it is also helpful in identifying whether there are any outliers in the dataset.[1][2]
· The given visualisation charts are also very crucial in the hypothesis prediction process as they give a concise point of view of the data fluctuation and provide improved insight as to what the hypotheses will be.[2]


[bookmark: _Toc102755619]The Analysation Process


A hypothesis is a statement that can be tested in order to obtain a predicted or proposed reasoning and it is based on analysing the relationship among two or more variables.
The hypothesis that will be verified and tested is that the application has  for the most part positively influenced the results of the primary school children and should be further studied and developed.[3][4]
The analysation process will be performed through the usage of the t-Test for two samples assuming equal variances as well as assuming unequal variances and the comparison between the two as we are trying to refute the null hypothesis that the two samples means are equal and it has no effect.[4]


[bookmark: _Toc102755620]T-Test for the given dataset
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The t-test is a regularly used statistical test and it will be used to verify whether or not the hypothesis that the application has improved the results of the primary school children, the t-test is befitting of comparing if the evolution of the two groups is related to the application having no effect or if it has indeed influenced the results. The t-test is seldom used when a sample is taken from the population and then it is randomly allocated to two groups.[5]
T-test for independent samples is used when the subjects of the first group have been chosen independently from the subjects of the second group and as a result, they do not have any type of relationship.[5][6]
T-test for dependent samples is used when the subjects of the first group have been chosen dependently to the subjects of the second group and as a result the two groups have a relationship between them, it is also called as matched or paired.[5][6]

[bookmark: _Toc102755621]The Null Hypothesis

The null hypothesis H0 will determine whether the application has had any effect or has made any difference to the children’s test results or if it had no effect, it will be rejected, and the alternative hypothesis will be accepted.[3]
· H0 states that the application has for the most part not presented any effect on the results of the primary school children nor has it influenced it in any way.
· [bookmark: _Hlk102606835]H0: µ1=µ2
· If the difference between X1 and X2 is statistically substantial, then we will reject H0 and deduce that there is a difference between the two variables.


[bookmark: _Toc102755622]The Alternative Hypothesis

The alternative hypothesis H1 is the alternative for the null hypothesis and il will be tested whether it contradicts the latter and if it is accepted.[3]
· H1 states that the application has had a positive effect on the results of the primary school children, and it had mostly made a beneficial difference.
· [bookmark: _Hlk102743756]H1: µ1≠µ2
· H1 also states that the difference between X1 and X2 is statistically substantial which concludes that there is an effect or a difference between the two variables.


[bookmark: _Toc102755623]Hypotheses testing to various levels of significance

A. [bookmark: _Toc102755624]P> alpha=0.10
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Description automatically generated]The level of significance is known as α(alpha) which represents the probability of getting a Type I Error. If Tstat or Tobt is higher than Tcrit, consequently it is  statistically significant at the 0.10 level, this means that there is less than 10% probability that this difference in means occurred by chance alone.[5][bookmark: _Toc102745965]Figure 7.T-test results for 0.10 level of significance. a&b

[bookmark: _Hlk102744773]As per Figure 7a it is apparent that  Tstat in the unequal variances test has given the 2.84 value which is higher than Tcritical one tail which has the value of 1.29 and it is statistically significant as the P value is lower than the significance value, respectively 0.0028 is lower than 0.10 therefore we can conclude that the results are statistically significant, and we can dispute the null hypothesis H0: µ1=µ2, this means that the effects on the test results can be attributed the usage of the application and the alternative hypothesis can be accepted. 
As per Figure 7b it can be noted that the Tstat value in the equal variances test 2.84 is also higher than the Tcritical one tail which has the value 1.29 which represents statistical significance, also the P value is lower than the alpha value, respectively 00.28 is lower than 0.10.In this case we can also conclude that the null hypothesis can be rejected, and that  the alternative hypothesis can be accepted which states H1: µ1≠µ2 .
Remarkable with the alternative hypothesis, the first variable (M = 15.3, S.D. = 3.91) reported significantly higher test results  than the second variable(M = 12.75, S.D. = 4.09), Tstat = 2.84, P = 0.0028 therefore in both testing scenarios the null hypothesis H0  is rejected.

B. [bookmark: _Toc102755625]P>Alpha=0.05

If Tstat or Tobt is higher than Tcrit, consequently it is  statistically significant at the 0.05 level, this means that there is less than 5% probability that this difference in means occurred by chance . As the level of significance is lowered the probability of rejecting the null hypothesis will decrease and it will deliver a more concise result.[6]
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[bookmark: _Toc102745966]Figure 8. T-test for significance level of 0.05 a&b
As per Figure8 a&b it is observed that in both unequal and equal testing scenarios the Tstat value 2.84 is higher than the Tcritical value one tail 1.66 which eliminates the possibility that this difference in means occurred by chance. The P value which represents the chance of discovering this result if the null hypothesis is accepted is at one tail 0.0028 and at two tail 0.005 which is lower than the significance level 0.05 therefore there is a 0.28% chance of these results occurring with a very small risk of Type I Error. As the P value is lower than the alpha in this case as well, we can reject the null hypothesis H0: µ1=µ2  and deduce that with a small type I error margin the alternative hypothesis can be accepted and there is a difference in the two variables results.
C. [bookmark: _Toc102755626]P>Alpha=0.01

The lowest level of significance 0.01 will provide the most accurate result as the probability of rejecting the null hypothesis H0: µ1=µ2 is going to significantly decrease as well.
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[bookmark: _Toc102745967]Figure 9.T-test at level of significance 0.01 a&b
As per Figure8 a&b it is observed that in both unequal and equal testing scenarios the Tstat value 2.84 is higher than the Tcritical value one tail 2.37 which eliminates the possibility that this difference in results occurred by chance as observed above at the lower level of significance the difference is much smaller and the type I margin of error has remained  at 0.28% which reinforces that the results are accurate. At this level of significance, we can also deduce that the P value is lower than the alpha value which results in the null hypothesis being rejected and the alternative hypothesis is accepted.

[bookmark: _Toc102755627]Outliers

Outliers are variables that vary significantly to the rest of the dataset, and they can be identified after the analysation of the dataset is performed, the given dataset has not shown any outliers.
Outliers can impact the analysation process and lead to inaccurate results as it can affect the man and standard deviation which leads to unsatisfying results and they should be found before starting the examination and finding of the samples, means and standard deviation.
Various outliers are real values resulting from environmental disparity in the dataset. Other outliers could be caused by erroneous data research, or other measurement inaccuracies, outliers aren't always a sign of inaccurate or incorrect data. [7]
The main ways of identifying outliers are through visualising the dataset and as per Figure 1 there is not any present outlier, severe data samples can be changed into z scores, which reveal how far apart the standard deviation is from the mean.[7]
· An outlier is described as a value with a z score that is either too high or too low. Outliers are frequently concluded to be values with a z score greater than 3 or less than –3.[7]

Identifying them through the interquartile range:
· The interquartile range (IQR) describes the range of your dataset's middle half. You can use the IQR to draw "boundaries" around your data and identify outliers as any values that are beyond of those boundaries.
· Sorting the dataset will also provide a concise and clear point of view in identifying outliers.[7]
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[bookmark: _Toc102745968]Figure 10.Outlier Identification Box Chart


· The Outlier identification box chart displays most of the necessary values when considering the analysation of the dataset in the pursue of identifying any outliers, the box chart provides the minimum value, the first quartile, the median, the third quartile, and the maximum value, it would also illustrate any outliers if there were any in the dataset, yet as per the above figure there haven’t been any outliers discovered in the given data set.




[bookmark: _Toc102755628]Factors affecting the hypothesis testing



· Level of Significance could also be a factor that affects the hypothesis testing as the lower the level of significance will be the lower the strength of it will become and the probability of rejecting the null hypothesis will decrease as well.[8]

· The size of the sample is also a very important factor in concluding our results as depending on its size can provide different results, if the sample size is larger, it has a bigger margin of error and deliver more precise mean values and if the sample size is smaller, it offers a smaller margin of error and a less precise mean value.[8]

· The outliers also have a significant influence on the research because if they are not removed the analysation of the dataset can lead to a very different result compared to the result that is obtained when they have not been spotted and separated, see Figure 6. [8]


[bookmark: _Toc102755629]Results

Should the company continue the development of the application?
For the purpose of verifying whether there was a difference between the two variables I have conducted multiple tests(T-tests) and calculations(Descriptive statistics) and in all three instances which were at level of significance 0.10, 0.05 and 0.01 the null hypothesis H0 was rejected with a small margin of error( 0.28%) and a lower p value than each level of significance, therefore we can conclude that the usage of the application made a difference in the test score results and its development should be continued as it proved itself useful


[bookmark: _Toc102755630]Conclusion

In conclusion the study has provided plenty of theoretical and practical evidence of visualisation, analysation, and examination of the given dataset in order to reach  an acceptable result by using the t-Test sampling for equal variances and in return finding the accepted hypothesis which is the alternative hypothesis at all the required levels of significance.
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The study could be affected by external factors that are out of the control of the test such as the physical and mental state of the primary children, how motivated they felt when they studied for the test in both instances and what amount of time or number of hours, they have spent on studying through both resources.
These factors could also be analysed, and they should be recorded by having the children complete a form with the above information this will greatly improve the accuracy of further analysation of the application and its efficiency.[8]
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