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Introduction 
This document is a record of the analysis of data provided as the data analysis module assessment. It will describe the data, explain the selection of the testing criteria including the choice of hypotheses and report the results of the tests.  There will also be investigation of detected anomalies and speculation about their occurrence. 
The Scenario
 The back story is that an on-line retail company has created an overhauled website and needs to find out whether there is an effect on sales for the new site. To test the new site, the company has programmed the webserver to randomly split the incoming visitors between the two sites. This is known as an A/B test method. To encourage website, use the company has provided a blanket 15% discount on both sites for the period of testing.Figure 1


The Data
The testable data set consists of two sets of daily sales records sampled over a period for forty days. Each set being the results from the old website and the new website, respectively. The collection methodology indicates that the results are independent by virtue of the random routing by the server that, by action, would break any pairing between the data sets of both websites.  The rules of probability should ensure that the number of visitors to each website should be more or less equal although some variation can be expected because of the sample size.  Larger sample sizes would increasingly reduce any variation as the sample size gets bigger.Figure 1.1

The Hypotheses 
To determine the hypothesis for the test, the control variables must first be established. In this case the output or dependant variables are the sales figures from the two sites.  The input variables are the two versions of the website.  The version of the website being the determinant for the change in the output values. Having read the scenario description, the inferred hypothesis is to check if the new website produces increased sales during the test period. Therefore, the obvious hypothesis is that the new website produces increased sales numbers compared to the old website.
The established a criterion for the test hypothesis (H1), the null hypothesis(H0) needs to be considered. As the null hypothesis is a test to disprove the test hypothesis, the null hypothesis would state that there is no statistically significant difference in sales between websites over the same test period.
The Tests.
The standard test for confidence between two population data sets is students T-test.  There are two main variants of the test. The first variation deals with data that is either paired or unpaired in nature.  To be counted as paired, the source of the data sets must come from the same population group. Conversely, unpaired data is derived from separate population groups that may look similar but have no functional linkage. 
The second variation relates to how the populations are compared.  The comparison falls into single tailed or twin tailed comparisons.  The term ‘tail’ refers to the data held within the high and low quartiles of the data set.  For a balanced comparison, a twin tailed comparison is used however, a single tailed test is used if a definitive check for positive correlation needs to be performed.
For the purposes of this exercise, the choice of the one-tailed test would seem to be the best choice. However, as part of the preparation, a frequency analysis was performed on the data sets with the results that both sets do not show a normal distribution curve [Figure-2]. Instead, a flat distribution profile was indicated.  This meant that there is no significant difference between the incidence of values in the core data values and the outlying values.  Therefore, a two-tailed, unpaired T-test was chosen for this type of distribution profile. Figure 2

The Results
For a thorough examination to the recorded sales, the T-test was calculated with alpha values of 0.1(10%), 0.05(5%) and 0.01(1%). These values represent the margin of error for the results that would be considered as statistically significant. Values that are less than the tested margin would be considered as having no appreciable effect on the results. Table 1

The test criteria is to establish whether the null hypothesis is valid. This would require that the values obtained (Tstat) should be less than the calculated critical value (Tcrit) for the population sample size. The results of the calculation for the 0.1 and the 0.05 alpha values show that the Tstat value is higher the Tcrit value for the test.  This would indicate that there is a statistically significant difference between the two data sets and that the null hypothesis can be disproved and that there is an increase in sales values for the new site.  With reference to the 0.01 alpha value [Table 2], the calculation the Tstat value is lower than Tcrit in this case, it  indicates that the null hypothesis can be upheld as the  probability of observing the occurrence of a related  population values is greater(2%) where the threshold of error is set at 1%.  For the purposes of determining a reliable and definitive conclusion, the 0.05(5%) will be used as the standard for significance.  Appendix one at the end of the document will hold the results of the calculation.
Points of interest
The data as presented does show an anomaly on day 35 where sales values for both websites spiked for a single day. On the following days, the new website’s sales dropped below the expected trend and then recovered after two days. The old site’s sales also dropped but they resided in or around he expected trend value. This would indicate the presence of a short-term sales incentive being applied to the websites.  The application of a short-term sale of between 2 to four days in length would cause a spike in sales to the websites and would affect a corresponding 2-4-day interval in the sales results. On this occasion, this was not the case.  With over twenty-five years in retail sales, the author knows only of one promotional event that would provide a single day spike in sales. This would be Black Friday.  This event occurs in early November and is a loss-leader promotion used by the consumer electronics sector of the industry and its duration is for a 24hour period only.  It can be deduced from this that the vendor is a member of the consumer electronic industry and from the timing of the results, the test period started at the beginning of October. The question could be asked ‘Does this event affect the results of the test?’. The answer to this question is no. retesting with the anomalous values being replaced with interpolated values based on the two days either side, shows only a minor variation to the calculated t-value. Results for these tests can be found in appendix 2.Table 2

Conclusions
From the results the following conclusion was made. The results from the T-test for P values of 0.01 and 0.05 are all below the threshold and are considered as fails for the null Hypothesis. The recommendation for new website is to implement full stream operation.
From examination to the plotted results [Figure 1], the chart shows a parallel track after day ten, with the difference between the old and new sites being more or less consistent in difference. This shows that higher sales are being achieved but, appear to be in fixed proportion compared to the old website sales values indicating zero growth in sales, the trend lines indicating a consistent fall in sales for the website.Figure 3

However, Analysis of the differences in sales between the two sites over time [figure 3], shows a gradual increase over the test period. The plot shows an initial drop in sales for the new website in comparison to the old site but then rapidly increases until day ten. There may be a number of reasons for this, these include initial fine tuning and bug fixing on the new website, server issues or unfamiliarity of the new site by regular customers. From there on, the rate of increase slows but continues to increase until the end of the test period.  The plotted trend line showing a distinct upward progression.
Another factor to be considered for the test is the company’s use of a 15% discount to encourage visitation to the websites.  The use of this incentive is liable to skew the results for the test.  Human nature being opportunist, will attract shoppers with motivations that will visit specifically to obtain a bargain.  This may not be representative of the regular clientele whose market profile would be more balanced, preferring to shop for goods based more on need and preference rather than on value.  The trendlines for both sites show that the overall trend is a consistent drop in sales figures over the test period. This would seem to indicate that the results are the result of the promotion and not the effectiveness of the websites marketing ability. If the test had been run without the incentive; the sales figures would probably be lower in both cases but would reflect a more accurate trading profile for the sites.
The testing also does not reflect seasonal variations in the marketplace.  The use of a forty-day period would produce results that were statistically viable but, sampling a period of this size out of a possible three hundred and sixty five day population size I limiting and cannot account for variations due to market requirements or external forces like exchange rates or the odd pandemic.
The sample size for the test is a control factor that needs to be reviewed. Although   the sample size of forty data points is generally considered as adequate, a larger sample size would be more beneficial.   A sample size of between eighty and one hundred days would provide a more accurate result and would in part, take into account the afore mentioned seasonal variation.    Future sampling of the new website using this method would help to fine tune the website design and provide a decent sample size for the application of sales projections for the end of year report.

.




Appendix 1 – Test Analysis Results

	t-Test: Two-Sample Assuming Unequal Variances
	

	alpha = 0.1
	
	

	 
	Old Website
	New Website

	Mean
	63.075
	79.275

	Variance
	988.4301282
	1094.76859

	Observations
	40
	40

	Hypothesized Mean Difference
	0
	

	df
	78
	

	t Stat
	-2.244810372
	

	P(T<=t) one-tail
	0.013806676
	

	t Critical one-tail
	1.664624645
	

	P(T<=t) two-tail
	0.027613353
	

	t Critical two-tail
	1.990847069
	 

	
	
	




	t-Test: Two-Sample Assuming Unequal Variances
	

	alpha = 0.05
	
	

	 
	Old Website
	New Website

	Mean
	63.075
	79.275

	Variance
	988.4301282
	1094.76859

	Observations
	40
	40

	Hypothesized Mean Difference
	0
	

	df
	78
	

	t Stat
	-2.244810372
	

	P(T<=t) one-tail
	0.013806676
	

	t Critical one-tail
	1.292499597
	

	P(T<=t) two-tail
	0.027613353
	

	t Critical two-tail
	1.664624645
	 

	
	
	




	t-Test: Two-Sample Assuming Unequal Variances

	alpha = 0.01
	
	

	 
	Old Website
	New Website

	Mean
	63.075
	79.275

	Variance
	988.4301282
	1094.76859

	Observations
	40
	40

	Hypothesized Mean Difference
	0
	

	df
	78
	

	t Stat
	-2.244810372
	

	P(T<=t) one-tail
	0.013806676
	

	t Critical one-tail
	2.375110958
	

	P(T<=t) two-tail
	0.027613353
	

	t Critical two-tail
	2.640340015
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Appendix 2 - Anomalous Data Statistics
	Day
	Old Website
	New Website
	

	1
	15
	15
	

	2
	18
	17
	

	3
	26
	24
	

	4
	39
	37
	

	5
	61
	59
	

	6
	84
	83
	

	7
	96
	99
	

	8
	104
	112
	

	9
	110
	126
	

	10
	113
	130
	

	11
	111
	128
	

	12
	108
	125
	

	13
	103
	119
	

	14
	99
	116
	

	15
	98
	113
	

	16
	94
	110
	

	17
	89
	106
	

	18
	86
	104
	

	19
	81
	101
	

	20
	80
	99
	

	21
	76
	95
	

	22
	72
	91
	

	23
	68
	89
	

	24
	63
	85
	

	25
	60
	82
	

	26
	54
	80
	

	27
	51
	76
	

	28
	48
	74
	

	29
	45
	72
	

	30
	41
	68
	

	31
	39
	62
	

	32
	37
	61
	

	33
	35
	57
	

	34
	31
	55
	Inserted

	 35
	28.75
	51.33333333
	Interpolated

	36
	26.5
	47.68
	Values

	37
	24.25
	44.02
	

	38
	22
	44
	

	39
	19
	43
	

	40
	16
	41
	





	t-Test: Two-Sample Assuming Unequal Variances
	
	

	alpha = 0.05
	
	

	 
	Variable 1
	Variable 2

	Mean
	61.7875
	78.52583333

	Variance
	1020.591506
	1041.897279

	Observations
	40
	40

	Hypothesized Mean Difference
	0
	

	df
	78
	

	t Stat
	-2.331022202
	

	P(T<=t) one-tail
	0.01116823
	

	t Critical one-tail
	1.664624645
	

	P(T<=t) two-tail
	0.022336461
	

	t Critical two-tail
	1.990847069
	 

	
	
	


Recalculated t-test for modified data sample.
Note minimal change of TStat from original test result in appendix 1.
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Trend Lines Model   A linear trend model is computed for average of Difference given Day Value. The model may be  significant at p <= 0.05.    

Model formula:  ( Day Value + intercept )  

Number of modeled observations:  40  

Number of filtered observations:  0  

Model degrees of freedom:  2  

Residual degrees of freedom (DF):  38  

SSE (sum squared error):  2052.05  

MSE (mean squared error):  54.0013  

R - Squared:  0.467056  

Standard error:  7.34856  

p - value (significance):  < 0.0001  

Individual trend lines:    

Panes  Line  Coefficients  

Row  Column  p - value  DF  Term  Value  StdErr  t - value  p - value  

Difference  Day    Value  < 0.0001  38  Day Value  0.580863  0.100656  5.77079  < 0.0001  

 intercept  4.29231  2.36808  1.81257  0.0778053  

 


