Lab 4 - solutions
	Aim of the lab
· Comparisons of two population means

· Comparisons of multiple population means

· Non-parametric tests




Comparisons of two population means

1. Calculate a 95% confidence interval for the population mean birth weight (bwt) among smoker and non-smoker women (help ci).

. ci bwt if smoke == 0 

    Variable |        Obs        Mean    Std. Err.       [95% Conf. Interval]

-------------+---------------------------------------------------------------

         bwt |        115    3054.957     70.1625        2915.965    3193.948

. 

. ci bwt if smoke == 1

    Variable |        Obs        Mean    Std. Err.       [95% Conf. Interval]

-------------+---------------------------------------------------------------

         bwt |         74    2773.243    76.73218        2620.316     2926.17

2. Calculate a 95% confidence interval for the difference in the population mean birth weight (bwt) comparing smoker and non-smoker women. 

The display command allows you to use Stata as a hand-calculator. Check your 

calculation with the output of the command ttest (help ttest).

Formula slide 106 (unequal variances)

. su bwt if smoke == 1

    Variable |       Obs        Mean    Std. Dev.       Min        Max

-------------+--------------------------------------------------------

         bwt |        74    2773.243    660.0752        709       4238

. su bwt if smoke == 0

    Variable |       Obs        Mean    Std. Dev.       Min        Max

-------------+--------------------------------------------------------

         bwt |       115    3054.957     752.409       1021       4990

. display (3054.956 - 2773.243) / sqrt( 752.409^2/115 + 660.0752^2/74 )

2.7094547

The statistic 2.7 is greater than 1.96 so we reject the null hypothesis that population mean birth weight is the same when comparing smoker and non-smoker women.

. ttest bwt, by(smoke) unequal

Two-sample t test with unequal variances

------------------------------------------------------------------------------

   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]

---------+--------------------------------------------------------------------

      No |     115    3054.957     70.1625     752.409    2915.965    3193.948

     Yes |      74    2773.243    76.73218    660.0752    2620.316     2926.17

---------+--------------------------------------------------------------------

combined |     189    2944.656    53.02858    729.0224    2840.049    3049.264

---------+--------------------------------------------------------------------

    diff |            281.7133    103.9741                76.46677    486.9598

------------------------------------------------------------------------------

    diff = mean(No) - mean(Yes)                                   t =   2.7095

Ho: diff = 0                     Satterthwaite's degrees of freedom =  170.001

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0

 Pr(T < t) = 0.9963         Pr(|T| > |t|) = 0.0074          Pr(T > t) = 0.0037

The difference in the population mean is 281.7 grams (95% CI: 70.69-492.7) comparing non-smoker vs smoker women. The difference is statistically significant (p<.05).

3. Suppose you are reading a paper and you find the number of subjects, mean and standard deviation of birth weight among smoker and non-smoker women, and you want to perform a t-test (help ttesti). Among N = 100 smoker the mean birth weight was 2900 and the std deviation was 600. Among N = 140 non-smoker the mean birth weight was 3100 and the std deviation was 500. What do you conclude? Is there any difference between mean birth weight among smoker and non-smoker?

. ttesti 100 2900 600 140 3100 500, unequal

Two-sample t test with unequal variances

------------------------------------------------------------------------------

         |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]

---------+--------------------------------------------------------------------

       x |     100        2900          60         600    2780.947    3019.053

       y |     140        3100    42.25771         500    3016.449    3183.551

---------+--------------------------------------------------------------------

combined |     240    3016.667    35.60675    551.6174    2946.524     3086.81

---------+--------------------------------------------------------------------

    diff |                -200    73.38743                -344.766   -55.23402

------------------------------------------------------------------------------

    diff = mean(x) - mean(y)                                      t =  -2.7253

Ho: diff = 0                     Satterthwaite's degrees of freedom =  188.534

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0

 Pr(T < t) = 0.0035         Pr(|T| > |t|) = 0.0070          Pr(T > t) = 0.9965

There is a statistically significant different of 200 grams comparing smoker vs non-smoker women. The p-value is less than 0.05. 

Comparisons of multiple population means

4. Calculate a 95% confidence interval for the population mean birth weight (bwt) in each race group (help ci).

. bys race: ci bwt

------------------------------------------------------------------------------------

-> race = White

    Variable |        Obs        Mean    Std. Err.       [95% Conf. Interval]

-------------+---------------------------------------------------------------

         bwt |         96     3103.74    74.27304        2956.289     3251.19

------------------------------------------------------------------------------------

-> race = Black

    Variable |        Obs        Mean    Std. Err.       [95% Conf. Interval]

-------------+---------------------------------------------------------------

         bwt |         26    2719.692    125.2562        2461.722    2977.662

------------------------------------------------------------------------------------

-> race = Other

    Variable |        Obs        Mean    Std. Err.       [95% Conf. Interval]

-------------+---------------------------------------------------------------

         bwt |         67    2804.015    88.12096        2628.076    2979.954

5. Test whether the population mean birth weight (bwt) is equal in black, white, and others (race). You can use the command oneway (help oneway). Write what assumptions you have to make for your inference to be valid.
. oneway bwt race, tab

            |   Summary of Birth Weight (grams)

       Race |        Mean   Std. Dev.       Freq.

------------+------------------------------------

      White |   3103.7396   727.72424          96

      Black |   2719.6923   638.68388          26

      Other |   2804.0149   721.30115          67

------------+------------------------------------

      Total |   2944.6561   729.02242         189

                        Analysis of Variance

    Source              SS         df      MS            F     Prob > F

------------------------------------------------------------------------

Between groups      5070607.63      2   2535303.82      4.97     0.0079

 Within groups        94846445    186   509927.124

------------------------------------------------------------------------

    Total           99917052.6    188   531473.684

Bartlett's test for equal variances:  chi2(2) =   0.6545  Prob>chi2 = 0.721
The p-value is less than 0.05 and  so we reject the null hypothesis that population mean birth weight is the same across race groups. Mean weight is larger among white than in either of the other groups.

6. Choose the appropriate non-parametric test or tests (signtest, signrank, ranksum, kwallis) for the following null hypotheses. Write the assumptions you have to make in each case.

I. Population median birth weight is 3000 g.

II. Median birth weight is equal in smokers and non-smokers

III. Median birth weight is equal across race groups

IV. The population distribution of birth weight is equal in smokers and non-smokers

I.

. signtest bwt = 3000

Sign test

        sign |    observed    expected

-------------+------------------------

    positive |          92        94.5

    negative |          97        94.5

        zero |           0           0

-------------+------------------------

         all |         189         189

One-sided tests:

  Ho: median of bwt - 3000 = 0 vs.

  Ha: median of bwt - 3000 > 0

      Pr(#positive >= 92) =

         Binomial(n = 189, x >= 92, p = 0.5) =  0.6687

  Ho: median of bwt - 3000 = 0 vs.

  Ha: median of bwt - 3000 < 0

      Pr(#negative >= 97) =

         Binomial(n = 189, x >= 97, p = 0.5) =  0.3856

Two-sided test:

  Ho: median of bwt - 3000 = 0 vs.

  Ha: median of bwt - 3000 != 0

      Pr(#positive >= 97 or #negative >= 97) =

         min(1, 2*Binomial(n = 189, x >= 97, p = 0.5)) =  0.7712

. signrank bwt = 3000

Wilcoxon signed-rank test

        sign |      obs   sum ranks    expected

-------------+---------------------------------

    positive |       92        8416      8977.5

    negative |       97        9539      8977.5

        zero |        0           0           0

-------------+---------------------------------

         all |      189       17955       17955

unadjusted variance   567078.75

adjustment for ties      -14.00

adjustment for zeros       0.00

                     ----------

adjusted variance     567064.75

Ho: bwt = 3000

             z =  -0.746

    Prob > |z| =   0.4559

There is no evidence that the population median birth weight is different from 3000 grams. Neither test rejects.

II.

. ranksum bwt, by(smoke)

Two-sample Wilcoxon rank-sum (Mann-Whitney) test

       smoke |      obs    rank sum    expected

-------------+---------------------------------

          No |      115     11913.5       10925

         Yes |       74      6041.5        7030

-------------+---------------------------------

    combined |      189       17955       17955

unadjusted variance   134741.67

adjustment for ties      -11.98

                     ----------

adjusted variance     134729.69

Ho: bwt(smoke==No) = bwt(smoke==Yes)

             z =   2.693

    Prob > |z| =   0.0071

Under the assumption that the population distribution of birth weight is the same in smokers and non-smokers, we conclude that median birth weight is smaller in smokers. The p-value is less than 0.05. 

III.

. kwallis bwt, by(race)

Kruskal-Wallis equality-of-populations rank test

  +------------------------+

  |  race | Obs | Rank Sum |

  |-------+-----+----------|

  | White |  96 | 10193.00 |

  | Black |  26 |  2012.00 |

  | Other |  67 |  5750.00 |

  +------------------------+

chi-squared =     8.590 with 2 d.f.

probability =     0.0136

chi-squared with ties =     8.591 with 2 d.f.

probability =     0.0136

Under the assumption that the population distribution of birth weight is the same acorss age groups, we conclude that median birth weight is smaller in blacks. The p-value is less than 0.05. 

IV. The rank-sum test we used in II gives us evidence to conclude that the population distribution of birth weight is different from that in non-smokers. The conclusion in II about difference in the median is valid only under the assumption of same shape.

PAGE  
6

