Assignment 2
Question 1
(a)

Descriptive Statistics: National Beer:Cals, Regional Beer:Cals 

                    Total
Variable            Count    Mean  SE Mean  StDev  Variance  Minimum      Q1
National Beer:Cals     77  142.08     4.31  37.81   1429.55    55.00  110.00
Regional Beer:Cals     52  155.75     2.01  14.49    209.84   124.00  146.00


Variable            Median      Q3  Maximum
National Beer:Cals  144.00  160.00   231.00
Regional Beer:Cals  154.50  164.50   188.00

We are dealing with 2 independent samples with UNEQUAL VARIANCES
S1: Ho: µ1 - µ2 = 0
     Ha: µ1 - µ2 ≠0
S2: α = 0.05
S3: T-stat =  = -2.8753
DF =  = 105.2339
S4: T-crit = T0.05/2, df = 105 = 1.98
Inverse Cumulative Distribution Function 

Student's t distribution with 105 DF

P( X <= x )        x
      0.975  1.98282

|T-stat| >|T-crit| (2.8753 >1.98)  Reject Ho
S5: There is sufficient evidence to show that there is a difference in the mean values of Calories between the two types of beers.
Two-Sample T-Test and CI: National Beer:Cals, Regional Beer:Cals 

Two-sample T for National Beer:Cals vs Regional Beer:Cals

                     N   Mean  StDev  SE Mean
National Beer:Cals  77  142.1   37.8      4.3
Regional Beer:Cals  52  155.8   14.5      2.0


Difference = mu (National Beer:Cals) - mu (Regional Beer:Cals)
Estimate for difference:  -13.67
95% CI for difference:  (-23.10, -4.25)
T-Test of difference = 0 (vs not =): T-Value = -2.88  P-Value = 0.005  DF = 105

(B)
95% CI =  = (-23.0971, -4.2429)
Since zero does not fall within the 95% CI above, we reject the null hypothesis. It is consistent with conclusion reached in part (a).
©
95% CI: -23.0971 ≤ µ1 - µ2 ≤ -4.2429
-23.0971 + µ2 ≤ µ1 ≤ µ2 -4.2429
 So µ1 and µ2 are different. µ1 is less than µ2 and the amount difference will be between: -23.0971 + µ2 ≤ µ1 ≤ µ2 -4.2429
(D)
µ1 = mean value of Regional beers
 µ2 = mean value of National beers
S1: Ho: µ1 - µ2 = 5
     Ha: µ1 - µ2 >5
S2: α = 0.05
S3: T-stat =  = 1.8236

DF =  = 105.2339
S4: T-crit = T0.05, df = 105 = 1.66
Inverse Cumulative Distribution Function 

Student's t distribution with 105 DF

P( X <= x )        x
       0.95  1.65950

|T-stat| >|T-crit| (1.8236 >1.66)  reject Ho
S5: There is sufficient evidence to show that the mean Caloric value of the Regional beers is more than 5 Calories higher than the mean Caloric value of the National beers.
Two-Sample T-Test and CI: Regional Beer:Cals, National Beer:Cals 

Two-sample T for Regional Beer:Cals vs National Beer:Cals

                     N   Mean  StDev  SE Mean
Regional Beer:Cals  52  155.8   14.5      2.0
National Beer:Cals  77  142.1   37.8      4.3


Difference = mu (Regional Beer:Cals) - mu (National Beer:Cals)
Estimate for difference:  13.67
95% lower bound for difference:  5.78
T-Test of difference = 5 (vs >): T-Value = 1.82  P-Value = 0.035  DF = 105

(E) 
95% CI LB  =  -  = 5.7802
If writing down in interval, we have 95% CI  = (5.7802, ∞)
Since 5 does NOT fall within the range  We reject Ho  It is consistent with conclusion reached in part (d). 
The asymmetric confidence interval gives a lower bound that the samples’ differences or statistic within which you have a certain level of confidence that the real population parameter can be found.
The population mean does not vary; either it is or isn’t in the C.I.  It’s the C.I. that varies from sample to sample so what we are saying is that if you were to take multiple samples and compute the C.I. each time, about 95% of them would contain the true population mean. Thus, we say that we are 95% confident that the about-to-be-computed C.I. will contain the population mean.
Question 2
(A)
S1: Ho: M1 - M2 = 0
      Ha: M1 - M2 ≠0
S2: α = 0.05
S3: 

Mann-Whitney Test and CI: National Beer:Cals, Regional Beer:Cals 

                     N  Median
National Beer:Cals  77  144.00
Regional Beer:Cals  52  154.50


Point estimate for ETA1-ETA2 is -15.00
95.0 Percent CI for ETA1-ETA2 is (-26.00,-4.99)
W = 4386.0
Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0030
The test is significant at 0.0030 (adjusted for ties)


S4: From Minitab output above, P-value = 0.003 < 0.05
 Reject Ho
S5: There is sufficient evidence to show that there is a difference in the median Caloric values for the two types of beers.

(B) From Minitab output, we have: 
95% CI = (-26.00, -4.99)
c).
Assumptions:
1. Independence: 2 samples of Regional and National Beers are independent from one to another. 
2. Randomization: data were collected randomly
3. 10% condition: sample size of 77 and 52 are not greater than 10% of the entire population.
4. Normality: Looking at the boxplots for 2 samples: 
· The whiskers have almost the same length for both boxplots
· The median line for the “regional beers” is in the middle of the boxplot, however, the one for “National beers” is almost in the middle. 
· There are no outliers for both boxplots
· The sample size for “regional beers” is 52, and for “national beers” is 77. They are both greater than 30, so CLT applies, so the samples are normally distributed.
Therefore, all 4 assumptions are valid.


Since 2 samples are normally distributed, it is more appropriate to test the differences on the mean values of 2 samples which is the test performed in question 1, part a: 2-sample t-test with unequal variances.
Name of the test in
· Question 1, part a: Parametric test on mean values of the differences and the variances of 2 samples are not equal
 2-sample T-test with unequal variances
· Question 2, part a: Non-parametric test on median values of the differences 
 Mann-Whitney test

Question 3: 
(A)
After observing the samples, we can say that these 2 samples are paired because they share the same characteristic which is the food item. For each price in the super market 1, we also find a price of the same item in the super market 2. Therefore the prices for 2 samples are dependent. 
Since they are dependent, we examine the boxplot and histogram of the differences. 


· There is only 1 peak  it is unimodal.
· It is skewed to the left 
· There is a gap in the data


· The median is somewhat in the middle of the boxplot
· The whiskers almost have the same length
· There is one outlier
Although the diagrams above do not suggest that the sample of differences is normally distributed, the sample equals 30 which makes the CLT applies. Therefore, we can assume that the sample of differences is normally distributed. Therefore, we can use Matched Pair t-test on 2 normally dependent samples. 
(B)
S1: Ho: µd = 0
     Ha: µd ≠0
S2: α = 0.05
S3:
Paired T-Test and CI: SMChain1, SMChain2 

Paired T for SMChain1 - SMChain2

             N    Mean  StDev  SE Mean
SMChain1    30   3.247  1.148    0.210
SMChain2    30   3.608  1.360    0.248
Difference  30  -0.361  0.991    0.181


95% CI for mean difference: (-0.731, 0.009)
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.00  P-Value = 0.055


T-stat =  = -1.9952
DF = 30-1 =29
S4: T-crit = T0.05/2, df = 29= 2.05
Inverse Cumulative Distribution Function 

Student's t distribution with 29 DF

P( X <= x )        x
      0.975  2.04523


|T-stat| <|T-crit| (1.9952 <2.05)  Do not Reject Ho
S5: There is insufficient evidence to show mean organic food basket prices differ between the two supermarket chains.
©
95% CI = -0.361 ± 2.04523* = (-0.7310, 0.0090)
(D)
(A)
S1: Ho: Md= 0
      Ha: Md ≠0
S2: α = 0.05



S3: 
Wilcoxon Signed Rank Test: SMChain1, SMChain2 

Test of median = 0.000000 versus median not = 0.000000

              N for   Wilcoxon         Estimated
           N   Test  Statistic      P     Median
SMChain1  30     30      465.0  0.000      3.245
SMChain2  30     30      465.0  0.000      3.590


S4: From Minitab output above, P-value = 0.000 < 0.05
 Reject Ho
S5: There is sufficient evidence to show that the median organic food basket prices differ between the two supermarket chains.
(e)
Since they are dependent, we examine the boxplot and histogram of the differences. 


· There is only 1 peak  it is unimodal.
· It is skewed to the left 
· There is a gap in the data


· The median is somewhat in the middle of the boxplot
· The whiskers almost have the same length
· There is one outlier
Although the diagrams above do not suggest that the sample of differences is normally distributed, the sample equals 30 which makes the CLT applies. Therefore, we can assume that the sample of differences is normally distributed. 
However, there is an outlier. Therefore, it is more appropriate to use the non-parametric test in part d which is the Wilcoxon on 2 dependent samples that are not normally distributed. (In part b, we used Matched pair t-test). 
[bookmark: _GoBack]Question 4
(A)
DF=(5-1)(5-1) = 16
E11 =  = 57.6851		Chi-squared11 =  = 1.0238
E35=  = 26.2431 		Chi-squared35 =  = 0.0589
Chi-squared-stat = Sum of all Chi-squared values = 24.0408
(B)
Ho: Social media used as a first preference and age group in years are NOT associated
Ha: Social media used as a first preference and age group in years are associated
I would perform the Chi-square test of independence since there are more than 2 samples and we wanna test whether they are associated or not. Therefore, we use chi-square test of independence. 
©
S1: Ho: Social media used as a first preference and age group in years are NOT associated
Ha: Social media used as a first preference and age group in years are associated
S2: α = 0.05
S3: Using the same formula as part a, we have the table for expected values and chi-squared values as following: 
[image: ]
[image: ]
Chi-squared-stat = Sum of all Chi-squared values = 24.0408

Chi-Square Test: M1, M2, M3, M4, M5 

Expected counts are printed below observed counts
Chi-Square contributions are printed below expected counts

          M1     M2     M3     M4     M5  Total
    1     50     45     50     25     27    197
       57.69  47.89  40.27  23.94  27.21
       1.024  0.174  2.351  0.047  0.002

    2     60     55     50     30     30    225
       65.88  54.70  45.99  27.35  31.08
       0.525  0.002  0.349  0.257  0.037

    3     65     45     30     25     25    190
       55.64  46.19  38.84  23.09  26.24
       1.576  0.031  2.012  0.157  0.059

    4     55     30     20     15     26    146
       42.75  35.49  29.85  17.75  20.17
       3.509  0.850  3.248  0.425  1.688

    5     35     45     35     15     17    147
       43.04  35.73  30.05  17.87  20.30
       1.503  2.402  0.815  0.460  0.538

Total    265    220    185    110    125    905

Chi-Sq = 24.041, DF = 16, P-Value = 0.089

S4: From Chi-square table, we have Chi-squared- crit with df = 16 equals 26.30.
|Chi-square-stat|<|Chi-square-crit| (24.0408<26.30) –> Do not reject Ho.
S5: There is insufficient evidence to show that Social media used as a first preference and age group in years are associated. 
Therefore, in fact, Social media used as a first preference and age group in years are NOT associated.
(D). TO find the P-value, we look for chi-square-stat in a row of df = 16 in Chi-square table  0.05<P-value <0.1. More precisely, Minitab gives the P-value =0.089.
Since p-value = 0.089 > 0.05  Do not reject Ho.
There is insufficient evidence to show that Social media used as a first preference and age group in years are associated. 
Therefore, in fact, Social media used as a first preference and age group in years are NOT associated.
It is consistent with conclusion reached in part B above.
(e)
S1:
Ho: p1=0.35, p2 = 0.25, p3 =0.2 , p4=p5=0.1
Ha: at least 1 pi’s is different from above
S2: : α = 0.05
S3: 
E1 = N*p1 = 905*0.35 = 316.75
E2 = N*p2 = 905*0.25 = 226.25
E3 = N*p3 = 905*0.2 =181 
E4 = N*p4 = 905*0.1 = 90.5
E5 = N*p5 = 905*0.1 = 90.5
Chi-square1 = , similarly for the rest, we have the following table:
[image: ]
S4: 
DF = 5-1 =4
From table, Chi-square-crit0.05, df = 4 = 9.49
|Chi-square-stat|>|Chi-square-crit| (26.0695> 9.49) –>reject Ho.
S5: There is sufficient evidence to show that there is at least 1 population proportion that is different from what stated. 
Find P-value
Look for Chi-square-stat = 26.0695 in a row of df = 4, 
we have P-value <0.005 <0.05  reject Ho  There is sufficient evidence to show that there is at least 1 population proportion that is different from what stated  it is consistent with critical value approach.
Chi-Square Goodness-of-Fit Test for Observed Counts in Variable: Observed value 

                          Test            Contribution
Category  Observed  Proportion  Expected     to Chi-Sq
1              265        0.35    316.75        8.4548
2              220        0.25    226.25        0.1727
3              185        0.20    181.00        0.0884
4              110        0.10     90.50        4.2017
5              125        0.10     90.50       13.1519


  N  DF   Chi-Sq  P-Value
905   4  26.0695    0.000
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Expected values M1 M2 M3 M4 M5

A1 57.6851 47.8895 40.2707 23.9448 27.2099

A2 65.8840 54.6961 45.9945 27.3481 31.0773

A3 55.6354 46.1878 38.8398 23.0939 26.2431

A4 42.7514 35.4917 29.8453 17.7459 20.1657

A5 43.0442 35.7348 30.0497 17.8674 20.3039
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Chi-squared values M1 M2 M3 M4 M5

A1 1.0238 0.1743 2.3506 0.0465 0.0016

A2 0.5255 0.0017 0.3488 0.2572 0.0373

A3 1.5763 0.0305 2.0119 0.1573 0.0589

A4 3.5093 0.8497 3.2477 0.4249 1.6879

A5 1.5033 2.4022 0.8155 0.4602 0.5376

Chi-squared (stat)  24.0408


image6.emf
Expected values Observed values Chi-square

316.7500 265 8.4548

226.2500 220 0.1727

181.0000 185 0.0884

90.5000 110 4.2017

90.5000 125 13.1519

Chi-square(stat) 26.0695
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