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[bookmark: _Toc102771755]Descriptive statistics
Descriptive statistics are used to summarise the characteristics of a data set such as mean, standard deviation and mode.[1]
We have a table showing the marks obtained by 40 students using first traditional learning material and then an app of e-learning free of charge which was developed locally. We are going to use this data in order to provide a recommendation to the company who have developed this app on whether they should continue to develop it or not. Now we are going to set out this data in a more descriptive statistic.
	
	Without app
	With app

	Mean
	12.75
	15.30

	SD
	4.10
	3.91

	Standard error
of the mean
	0.61
	0.61

	N
	40 
	40




[bookmark: _Toc102771756]Testable hypothesis
“A testable hypothesis is a hypothesis that can be proved or disproved as a result of testing, data collection, or experience. Only testable hypotheses can be used to conceive and perform an experiment using the scientific method.”[2]
We are going to develop two testable hypotheses:
H0 = Students that used the app did not improve their grades
Ha = Students that used the app improved their grades

[bookmark: _Toc102771757]Type of test used
For this purpose, we are going to use the T Test. “A t-test is a type of inferential statistic used to determine if there is a significant difference between the means of two groups, which may be related in certain features. The t-test is one of many tests used for the purpose of hypothesis testing in statistics.”[3
] For this purpose, we need three key data, the mean difference, the standard deviation of each group of data and the number of data value. A t-test give us the chance to compare the average values of two sets of data. Then we need to establish the problem statement by announcing a null hypothesis and an alternative hypothesis.
[bookmark: _Toc102771758]Testing the hypothesis
Now we are going to test the hypothesis with three types of significance level: 0.10, 0.05 and 0.01.
D = Differences between marks
n= Number of datas
SDd = Standard deviation of differences
α = significance level adopted




α = 0.10
Sum of D = 102
Mean D = 2.55   
SDd = 3.88
T obt =       =        2,55       = 2.55/0.6 = 4.25
                                          (3.88/√40)

T obt = 4.25

Df = n-1 = 39
(We do the Df in order to find the Tcrit in the table)

Tcrit = 1.30

T obt > t crit

In this case the null hypothesis H0 is rejected and Ha is accepted


α = 0.05
Sum of D = 102
Mean D = 2.55   
SDd = 3.88
T obt =       =        2,55           = 2.55/0.6 = 4.25
                                          (3.88/√40)

T obt = 4.25

Df = n-1 = 39
(We do the Df in order to find the Tcrit in the table)

Tcrit= 1.68

T obt > t crit

In this case the null hypothesis H0 is rejected and Ha is accepted


 α = 0.01
Sum of D = 102
Mean D = 2.55   
SDd = 3.88
T obt =       =       2,55            = 2.55/0.6 = 4.25
                                         (3.88/√40)

T obt = 4.25

Df = n-1 = 39
(We do the Df in order to find the Tcrit in the table)

Tcrit= 2.42

T obt > t crit

In this case the null hypothesis H0 is rejected and Ha is accepted


[bookmark: _Toc102771759]Outliers in the data
“An outlier is a data point on the extreme end of your dataset. It could be very large or very small, but it is abnormally different from most of the other values in your dataset. There are many reasons for the outliers, and they can show up in any kind of study.”[3]
The next set of data relates to the difference between the marks of the 40 students before and after using the e-learning platform. The difference between the two marks for each student is as follows:
2,0,2,2,3,1,0,-7,2,5,2,2,3,2,10,4,-4,3,5,13,11,0,0,-2,3,3,3,2,1,2,0,3,12,7,2,0,2,2,1,-2
In order to check whether there are any outliers in the data, we are going to use the interquartile range, that is a method commonly used to determine whether a value is an outlier. What we have to do is to find the interquartile range subtracting the first quartile from the third quartile. The difference is going to tell how the middle half of our data is spread. Considering the data available to us, we can certainly say that:
Our first quartile Q1 is 0.5
Our third quartile is Q3 is 3
Our Interquartile range IQR is 2.5
The lowest number is -7 and the highest is 13

The next step is to find the fences beyond the first and third quartiles using the interquartile range
Lowest fence = Q1 – (1.5 x IQR) so   0.5 – (1.5 x 2.5) = -3.25
Highest fence = Q3 + (1.5 x IQR) so   3+(1.5x2.5) = 6.75
Considering our data, the outliers must be below or above the fences.
Outliers = -7, -4, 7, 10, 11, 12 ,13

We can also notice in a graph that there are outliers:
[image: ]
In this specific case, outliers could have occurred because there could have been an error from the source, namely the app of e-learning. In fact, the app is in development therefore it can be assumed that bugs in the app may be present. The possibility that few students cheated during the exam in order to get good grades must also be taken into account.
However, removing outliers from the data does not make any difference to the result. Therefore, we can still say that the app of e-learning is effective for the purpose of increasing the grades of the students. In fact, 27 out of 40 students have had an increase in their grades if we take off from the data the outliers and those who attained the same grade. We can say that the app has a 67.5% of success at this stage of development.
[bookmark: _Toc102771760]Other factors
Other factors that might have affected the results of the research can be found firstly in the test proposed to the students. We need to check if the test was long enough since proper length leads to a reliable and valid results. Secondly, another factor that may affected the results is an inappropriate level of difficulty of the test. The test done after using the app could have been easier for the students leading to the marks being better than previously assessed. Moreover, some tests could have an identifiable pattern of answers; as such, some students could have cleverly guessed the answers if a pattern existed and was identified.
Those factors can be controlled from the root by giving the student an appropriate test, with proper length, without any recognisable pattern and with a proper difficulty.























References
[1]A. Hayes, "Descriptive Statistics Definition", Investopedia, 2022. [Online]. Available: https://www.investopedia.com/terms/d/descriptive_statistics.asp. [Accessed: 05- May- 2022].
[2]A. Helmenstine, "How to Write a Testable Hypothesis", ThoughtCo, 2019. [Online]. Available: https://www.thoughtco.com/testable-hypothesis-explanation-and-examples-609100#:~:text=A%20testable%20hypothesis%20is%20a,experiment%20using%20the%20scientific%20method. [Accessed: 05- May- 2022].
[3]A. Hayes, "T-Test Definition", Investopedia, 2022. [Online]. Available: https://www.investopedia.com/terms/t/t-test.asp#:~:text=Key%20Takeaways-,A%20t-test%20is%20a%20type%20of%20inferential%20statistic%20used,requires%20three%20key%20data%20values. [Accessed: 05- May- 2022].
[4]"Outliers", Graphpad.com. [Online]. Available: https://www.graphpad.com/quickcalcs/grubbs1/. [Accessed: 06- May- 2022].

image1.png




image2.png
15

10

-10

Outliers

o





