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  In this report, the analysis will be performed on a specific database, the centre and the corresponding distribution measures will be identified, the statistical significance will be calculated, the statistical hypotheses will be tested, and the variance will be analysed.
  Also, in this report a brief description of the following topics will be given:
· Probability, sampling, and population.
· The null and alternative hypothesis.
· Statistical significance.
· Type of t Test.
· Type of samples.
· Outliers.
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  The generated data set shows that the results of class tests (marked out of 20) of children in a primary school. The data set contains 40 children from year 5 from a primary school. The school received a math learning application from a development company. The production company wants to analyse the use of the application as a learning tool by comparing the test score before using the application with the test score after using the application.
  The test score before using the application shows the results obtained when children use traditional materials to learn, and the test score after using the application shows the results obtained when children use a new online application to help them learn. The data of these children are analysed to find out whether the company should continue to develop this application or not.
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Figure 1. Visualization of the dataset
The bar chart shows the test scores before and after using the application of 40 primary school students. And it can be observed the comparison of the data according to the periods specified above.
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 The null hypothesis is a parameter of the population being equal to a hypothetical value for example: average, standard deviation and so on. The symbol for the null hypothesis is H0. [4]
  Instead, the alternative hypothesis is also a parameter of the population that is smaller, larger, or different from the hypothetical value in the null hypothesis. The symbol for the alternative hypothesis is H1. The alternative hypothesis can be either one-tail and two-tail.  One-tail alternative hypothesis (also known as directional hypothesis) is used to determine whether the population parameter differs from the hypothetical value in a certain direction. Two-tail alternative hypothesis (also known as nondirectional hypothesis) used to determine whether the population parameter differs from the hypothetical value in either direction. [4]
  The t test is one of the tests used in statistics, being used to calculate the averages of two samples and find out if they differ to a statistically significant degree.[1], [3]
  There three types of t-Tests:
· Paired t-test is used if the groups come from a single population. Based on the following formula you can calculate the paired t-test statistics value:
t = 
           where,
1. m is the mean differences.
2. n is the sample size.
3. s is the standard deviation of the differences.
· Independent t-test is used if the groups come from two different populations. Based on the following formula you can calculate the independent t-test statistics value:
t = 
           where,
1. m is the mean differences.
2. n is the sample size of the two populations.
3. S is the estimates of the variances of the two populations.
· One-sample t-test is used if there is a group that is compared to a standard value. Based on the following formula you can calculate the one-sample t-test statistics value can:
t = 
where,
1. m is mean of the population.
2.  is a theoretical value.
3. s is the standard deviation.
4. n is the size of the set of values.
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  In given exercise, we study a group (40 students) to compare the group over time (before using the application and after using the application). Clearly one pre-test score is linked to one post-test score. Respectively we will use a paired T-test. We have two sets of scores, one pre-test scores before using the app and one post-test scores after using the app. The scores are matches, not independent. In this case it is the differences in the scores that are important rather than the scores themselves.[5]
tobt   = 
where,
1.  is the mean differences.
2.  is the standard deviation of the differences.
3. n is the sample size.
  MS-Excel did the data analysis and selected the sample data for the group and then calculated and tested the hypothesis.
State the hypotheses:
· H0  = 
· H1   
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  Respectively according to the above hypotheses, they can be calculated as follows. 
Testing hypotheses at different levels of significance: [6]

1. [bookmark: _Toc102762973]p = 0.10
· Cells B5 = 12.75 and C5 = 15.3 hold the average of each sample.
m = 
· Cells B6= 16.81 and C6 = 15.29 hold the variance of each sample.

· Cells B7 and C7 hold the number of observations in each sample (40).
· Cell B8 = 0.54 holds the Pearson Correlation. In this way it is shown that these two variables are quite closely correlated.
· Cell B9 = 0 contains our entry for the Hypothesized Mean Difference.
· Cell B10 holds the degrees of freedom, 40 – 1.
· Cell B11 = - 4.15 contains the actual result of the t test. Respectively, this value will be compared with the t Critical two-tailed statistic:
· The t-Statistic (- 4.15) is smaller than t Critical two-tailed (1.68) and t Critical one-tailed (1.30). Respectively the value of the null hypothesis cannot be rejected, the data must support the null hypotheses, and Students Test scores before using app and after using app can be considered equal.
· The P value is the probability that the difference has appeared by chance. The P-value for two-tailed (0.000172) is smaller than the value of alpha (0.10), that means the null hypotheses can be rejected. Our data sample supports the hypothesis that population averages are different. Specifically, the Post-test average is higher than the Pre-test average. 
· If we compare P-value for one-tailed (8.62) and P-value for two-tailed (0.00017), that mean the data of P-value for one-tailed cannot reject the null hypothesis, but the data of P-value for two-tailed can reject the null hypothesis.
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Figure 2. Test for p = 0.10




2. [bookmark: _Toc102762974]p=0.01

For the value of 0.01 the same technique is used and represents the following result:
· The t-Statistic (- 4.15) is smaller than t Critical two-tailed (2.71) and t Critical one-tailed (2.43) so the value of null hypotheses cannot be rejected.
· The P-value for two-tailed (0.000172) is smaller than the value of alpha (0.01), then the null hypotheses can be rejected.
· If we compare P-value for one-tailed (8.62) and P-value for two-tailed (0.00017), that mean the data of P-value for one-tailed cannot reject the null hypothesis, but the data of P-value for two-tailed can reject the null hypothesis.
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Figure 3. Test for p = 0.01






3. [bookmark: _Toc102762975]p=0.02

For the value of 0.02 the same technique is used and represents the following result:
· The t-Statistic (- 4.15) is smaller than t Critical two-tailed (2.43) and t Critical one-tailed (2.12) so the value of null hypotheses cannot be rejected, so the null hypotheses is not avoided.
· The P-value for two-tailed (0.000172) is smaller than the value of alpha (0.02), then the null hypotheses can be rejected.
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Figure 4. Test for p = 0.02
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  From our observations it can be seen, the t-Statistic is smaller than t Critical two-tailed and t Critical one-tailed regardless the significance level, respectively the value of null hypotheses cannot be rejected, and that data must support the null hypotheses, and Students Test scores before using app and after using app can be considered equal.    The t- Statistic, P value one-tailed and P value two-tailed do not change depending on the level of significance. The t Critical one-tailed and t Critical two-tailed change depending on what level of significance it is. The P-value for two-tailed (0.000172) is smaller than the value of all three levels of significance that means the null hypotheses can be rejected. [6], [5]
  If we compare P-value for one-tailed (8.62) and P-value for two-tailed (0.00017), that mean the data of P-value for one-tail cannot reject the null hypothesis (no evidence), but the data of P-value for two-tail can reject the null hypothesis (is very strong evidence). 
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  Our data sample supports the hypothesis that population averages are different. The Mean does not change depending on the significance levels, mean for test scores before using app is 12.75 and for test scores after using app is 15.3. Specifically, the Post-test mean is higher than the Pre-test mean, respectively the new application is helpful for students in their studies. The Variance are positive scores and are above Mean. And doesn’t change according to the significance levels, variance for test scores before using app is 16,80 and for test scores after using app is 15.29. [1],[3]
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Figure 5.2 t-Test for three significance levels (part II)
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  Outliers are values that appear far from most data. If not treated properly, they influence the results and may lead to incorrect conclusions. A simple treatment of outliers is to eliminate them. With the deletion of data points, other types of bias can be introduced in the results and lead to the loss of critical information.
  In our exercise, there are no outlier, and all values are below 4-20 and no unusual value. Mean and standard deviation are also significant changes, there is no big difference between mean and standard deviations. Respectively, no aberrant values were found in our exercise.




[image: Chart, box and whisker chart

Description automatically generated]

Figure 6. The existence of outliers using Box and Whisker











  After examination of the data, point (4) does not exceed the minimum and maximum of data and is noted as a slight abnormal value. There are no extreme outliers. The data (4) is identified as the lowest value in the dataset.
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Figure 7. The existence of outliers using Histogram





If, aberrant values are found, they can be treated by several methods:
1. Sort the dataset to find outliers: By filtering the data, you can discover significant effects that are simply "hidden" by outliers. This means that you can find the highest and lowest values in the dataset, that is, the abnormally high or low values have been leaked.
2. Using Z score test: It is one of the most used methods for detecting outliers. Measures the number of standard deviations of the observation from the mean value.
3. Make data charts in MS Excel: Charts like scatter charts, histograms, or boxplots can easily show data that is different by placing them elsewhere.
4. Finding outliers with hypothesis tests: Here hypothesis tests are used to find aberrant values.[2]
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  The hypothesis test is affected by three factors: [4]

· Sample size (n). The larger the sample size, the higher the test power and vice versa for a smaller sample. The larger the sample size, the smaller the standard error. In our case the sample size is small and respectively the test power is low and the standard error is high
· Significance level (α). The lower/higher the significance level, the lower/higher the power of the test. As the significance level decreases, the strength of the test decreases and vice versa.
In our case when we reduce the level of significance (from 0.10 to 0.01), the acceptance region becomes larger.  At the 0.01 significance level, the null hypothesis is less likely to be rejected when it is false.
· The "true" value of the tested parameter. The greater the difference between the "true" value of a parameter and the value specified in the null hypothesis, the greater the power of the test.
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  In conclusion, the analysis performed on a specific database, the centre and the corresponding distribution measures identified, the statistical significance calculated, the statistical hypotheses tested, and the variance analysed allowed us to determine whether they came from the same population and the important differences between these samples.
  The t-test is a particularly important method for pre-test and post-test analysis to validate the results of data between two different samples and to demonstrate the magnitude of the differences compared.
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