SOCY2200  Statistics								Instructor: Natasha Sarkisian

Handout: Hypothesis Testing for Comparing Means of Two Independent Samples

When comparing means of independent samples, we rely on calculating the difference between two means as well as its standard error and then we assess whether that difference is significantly different from zero. Note that for now, we focus on independent samples – that means, the data are NOT paired. (Typical examples of paired data: Before and after measures, measures from spouses, or siblings, or measures of two things from the same person; we will soon talk about the paired data as well.) 

CALCULATING BY HAND:

1. State your null and research hypotheses: 
H0: μ1 = μ2
The research hypothesis can be directional (use one-tailed test):  H1:  μ1 < μ2  or   H1:  μ1 > μ2
Or it can be non-directional (use two-tailed test):  H1:  μ1 ≠ μ2
2. Select the alpha level (the level of risk of Type I error that you are willing to take): the most common choice is 0.05; the choices for more stringent tests are 0.01 and .001; for smaller samples, we sometimes use .10. 
3. Identify the test statistic that you need to use: here, it’s the Student’s t .
4. We compute it using the formula:
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5. Use the table to find the critical value: We need to use Table B2 and find the value of t based on three pieces of information: df=n1 + n2 -2, our selected alpha level, and whether our test is one-tailed vs two-tailed. 
6. Compare computed value with the critical value – we compare the absolute values, so if the computed value is negative, change it to a positive one, then compare. 
7. State your decision about H0: If your computed value is larger than the critical value  reject H0 in favor of H1. If your computed value is smaller than the critical value  fail to reject H0. 
8. State your substantive conclusion. If you rejected H0, you can state that you are 95% (or 90%, or 99%, or 99.9%) confident that the two groups’ means are different in the population. If you failed to reject H0, you can state that we do not have evidence to conclude that the two groups’ means are different in the population. 

Example

We want to study the effectiveness of a children’s TV program that is designed to teach reading skills. 50 children will participate in the study – half of them are randomly assigned to the experimental group, another half – to control group. Both groups spend time in the lab over a few months; the experimental group watches the “reading” show, the control group watches another show. After that, we find the mean reading score in the experimental group = 12.3  (SD = 2.1), and in the control group – 11.2 (SD=1.8). Can we conclude that our program actually helps children learn how to read? We want to have 95% certainty about our conclusion.


1. H0: μ1 = μ2
     H1: μ1 > μ2-- since we expect higher scores for the experimental group use a directional research hypothesis  one-tailed test
(μ1 = mean for those exposed to the “reading” show, μ2= mean for those watching another show)
In words: 
Null hypothesis: those watching the “reading” show are not different from those watching another show in their reading scores. 
Research hypothesis: those watching the “reading” show have higher reading scores than those watching another show. 
2. We want to be 95% confident if we conclude that this program works – we need to use significance level alpha = 0.05 (1-.95=.05). 
3. Test statistic – Student’s t
4. Compute: 
Numerator: 12.3-11.2=1.1
Denominator: sqrt[((25-1)*2.1*2.1 + (25-1)*1.8*1.8)/(25+25-2)* (25+25)/25*25] = 0.55
t = 1.1 / 0.55 = 2
5. Use Table B2 to find the critical value: df=n1+n2-2=50-2=48, alpha=0.05, one-tailed test  tcrit = 1.676
6. Does computed statistic exceed critical value? 2 is larger than 1.676 so it does exceed the critical value
7. Conclusion: We can reject the null hypothesis H0: μ1 = μ2
8. Substantive conclusion: That means, the experimental group would be doing significantly better than the control group in the population we are 95% confident that in the population, our program would work to improve reading skills.
Errors: We rejected the null  probability of Type I error is less than .05, probability of Type II error is 0. 

CALCULATING USING STATA:
1. State your null and research hypotheses: 
H0: μ1 = μ2
The research hypothesis can be directional (use one-tailed test):  H1:  μ1 < μ2  or   H1:  μ1 > μ2
Or it can be non-directional (use two-tailed test):  H1:  μ1 ≠ μ2
2. Select the alpha level (the level of risk of Type I error that you are willing to take): the most common choice is 0.05; the choices for more stringent tests are 0.01 and .001; for smaller samples, we sometimes use .10. 
3. Identify the test statistic that you need to use: here, it’s once again the Student’s t .
4. We compute it using Stata:
ttest meansvarname, by(groupvarname)
where meansvarname is the variable name for the variable for which you are calculating two means (typically interval or ration variable), and groupvarname is the variable that defines the two groups being compared (nominal variable with two values, typically 0 and 1, or 1 and 2). 
5. Identify the p-value associated with this t statistic that correspond to your chosen research hypothesis (non-directional is Ha: diff != 0; directional with Mean 1 < Mean 2 is Ha: diff < 0; directional with Mean 1 > Mean 2 is Ha: diff > 0)
6. Compare the p-value to your chosen alpha. 
7. State your decision about H0: If your p-value is smaller than the alpha you selected  reject H0 in favor of H1. If your p-value is equal to or larger than the alpha  fail to reject H0. 
8. State your substantive conclusion. If you rejected H0, you can state that you are 95% (or 90%, or 99%, or 99.9%) confident that the mean is different (larger or smaller) from the one you assumed originally. If you failed to reject H0, you can state that we do not have evidence to conclude that the mean is different from the one you assumed. 



Example in Stata:
Are self-employed individuals in the U.S. older on average than those employed by others? Answer this question using age and wrkslf variables in GSS 2012 dataset; use 99.9% confidence level. 

1. State your null and research hypotheses: 
H0: μ1 = μ2
H1:  μ1 > μ2
(where μ1 is the mean for self-employed, and μ2 is the mean for those employed by others). 
H0: Self-employed and employees are the same age on average.
H1: On average, self-employed are older than employees.
2. 99.9 confidence level means alpha of .001. 
3. Identify the test statistic that you need to use: here, it’s once again the Student’s t .
4. We compute it using Stata:
. ttest age, by(wrkslf)

Two-sample t test with equal variances
------------------------------------------------------------------------------
   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
---------+--------------------------------------------------------------------
SELF-EMP |     194    54.78351    1.129589    15.73335    52.55558    57.01143
 SOMEONE |    1696    48.00825    .4220768    17.38218    47.18041     48.8361
---------+--------------------------------------------------------------------
combined |    1890     48.7037    .3988291    17.33875    47.92151     49.4859
---------+--------------------------------------------------------------------
    diff |             6.77525    1.305186                4.215492    9.335009
------------------------------------------------------------------------------
    diff = mean(SELF-EMP) - mean(SOMEONE)                         t =   5.1910
Ho: diff = 0                                     degrees of freedom =     1888

[bookmark: _Hlk212538093]    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0
 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000
5. P-value associated for our chosen research hypothesis:  Pr(T > t) = 0.0000
6. Comparing p-value that is less than .0001 to alpha of .001. 
7. Decision about H0: P-value is smaller than the alpha we selected  reject H0 in favor of H1. T=5.2, p<.0001 (one-tailed). 
8. Substantive conclusion. We are 99.9% confident that on average, self-employed are older than employees. 
We rejected the null  Probability of Type I error is less than 0.0001, probability of Type II error is 0. 

Graphical Representation of Group Means: Bivariate Bar Graphs

graph bar age, over(wrkslf) blabel(bar) ytitle("Average Age")
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