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Student’s t:
Tests w/ Small 

Samples

SOC424 – Statistics w/ Ellis Godard

OUTLINE
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 Catchup / Questions / Breathe

 Short lecture… lots of time… let’s use it… now :)

 Student’s “t” Distribution

 Small Samples (n < 30) can’t use “z”

 Degrees of Freedom

 Calculated vs. Critical Values

 Table B 

 Examples

 Connection to Confidence Intervals

> t df Critical Table B Example Demo: CI & Test L

Large Samples (n > 29)
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 The sampling distribution of  Y is normally distributed if 
the sample is random and has at least 30 cases, even if the 
population distribution is not.

 Thus, we can rely on the Central Limit Theorem, which 
tells us six things about sampling distributions

 Therefore we can use Table A to determine the likelihood 
of an event (or, the probability of finding a greater 
difference from H0 than the one observed in the sample).

> t df Critical Table B Example Demo: CI & Test L

Small Samples (n < 30)
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 The sampling distribution of  Y is not normally 
distributed when the sample size is small (<30) and the 
population distribution is not normal. (see Fig. 4.15, p.104)

 Thus, if n is small we cannot rely on the Central Limit 
Theorem, and therefore can’t use Table A to determine 
the likelihood of an event (or, the probability of finding a 
greater difference from H0 than the one observed in the 
sample)

> t df Critical Table B Example Demo: CI & Test L

The t-distribution
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If we assume that the population distribution (not sampling 

distribution) of a variable is normal, then for a random sample 
of any size n (even 30 or more),

is called the (Student) t distribution, with
(n - 1) degrees of freedom.

“Student” = pseudonym of Guinness statistician/chemist; see text
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> t df Critical Table B Example Demo: CI & Test L
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Examining the Distributions
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 z-score distribution

 z-test distribution

 one-sample t-test

 two-sample t-test
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> t df Critical Table B Example Demo: CI & Test L

Properties of “t” distribution
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(Also, see Figure 6.9, p. 181)

 The t distribution is symmetric about 0;
 The t distribution is more dispersed with fewer degrees of 

freedom (e.g. smaller samples);
 As the d.f. (e.g. sample size) increases, the t distribution 

approximates a standard normal (z) distribution.  

 Otherwise, very much like z
 Measures/represents a distance between scores
 The bigger that difference, the smaller the tails

> t df Critical Table B Example Demo: CI & Test L

Degrees of Freedom - idea
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 How much do we have to go on? 

How much do we have to assume?

 For t-test of a mean, df = n-1

 For a difference of means, df = n1 + n2 - 2

> t df Critical Table B Example Demo: CI & Test L

Degrees of Freedom - effect
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 DF Determines shape of t distribution
 The higher the degrees of freedom, the lower the 

standard deviation of t
 Mean of t-distribution is still zero, just like z
 When the degrees of freedom are high enough (n=30), the 

standard deviation = 1 (so the t-distribution is “standard normal 
distribution” – that is, the t distribution is the z distribution if 
n>29)

 With lower degrees of freedom, the standard deviation is higher 
than 1, and the t-distribution is flatter than the z distribution 
(higher kurtosis)

> t df Critical Table B Example Demo: CI & Test L

Small Sample Hypotest: Same Steps
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1. Assumptions
 Still must assume the measurements are some LOM (interval or categorical)
 Still must assume that you have a random sample
 Now n<30 so can’t assume sampling distrib is normal, so we need t distribution, so 

have to assume that the population distribution is normal
2. Hypotheses
3. Calculate test statistic

 Different formulas, depending on whether you’re testing for a mean or proportion 
(last lecture), difference of means or difference of proportions (next two), or 
something else (F, r, chi-square, et al.)

4. Find p-value
 Now use t instead of z
 Use t table to find “critical” value

 If the observed t exceeds the critical t, p is less than alpha
 If the observed t is less than the critical t, p is more than alpha

5. Conclusions
 As before, in terms of both the Ho and Ha

> t df Critical Table B Example Demo: CI & Test L

Calculated vs Critical “t”

SOC424 @ CSUN - Ellis Godard15

 There’s some “critical” t that would be far enough to leave the 
“alpha” we want

 Must compare that to the “calculated” t
 Won’t get a specific p value
 Can only say whether p > or < some alpha

> t df Critical Table B Example Demo: CI & Test L
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Tabular vs. Calculated “t” (illustrated)
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 If t = -1.07, then p > 0.100 
 We would need to observe a difference of 1.341 standard errors to leave 

only 10% in the tail.
 The difference we observed isn’t large enough (the observed difference isn’t 

sufficient) to reject the null, since the error is more than 10% in each 
direction.

> t df Critical Table B Example Demo: CI & Test L

Finding a “critical t” value
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 ta refers to “t” value corresponding to an area of “a” in 
one tail, for a given d.f.
 a ~ p; = the probability of getting a bigger t
 area depends on the degrees of freedom

 Use Table B to find the p
 In table A, found z for given p (e.g. 5%)
 Now, what’s “t” for 10% in each tail (t.100)

with n=16 (df = 16 -1 = 15)?
 Here’s how…

> t df Critical Table B Example Demo: CI & Test L

Reading Table B (t’s instead of z’s; p.669)
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 A had z’s on outside (row/col headers), p’s in body

 In B, Row = df, Column = p, t’s inside the table

 Sample size (n) for California was 16

 So, df = n – 1 = 16 –1 = 15
If alpha = .100 (10% in tails), confidence = 90%

This is the “tabular t value”, the t value (a number of standard 
errors) high enough to leave only 10% in one tail

> t df Critical Table B Example Demo: CI & Test L

Table A vs Table B
P smaller when Z bigger T smaller when p or n bigger
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> t df Critical Table B Example Demo: CI & Test L

Table B
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Suppose I want to be
90% confident but 
only have 4 cases (not 30)

Pick the column that
has the right tail p
For 90% confidence,
p is 0.050 so t.050

Pick the row based on
sample size (df=n-1),
so with 4 cases, df=3

The body is t’s, not p’s

> t df Critical Table B Example Demo: CI & Test L

Table B
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If d.f. = 5:
 What is  t.100? 
 What is  t.010?

If n=16 (so df=15)
 what t gives 90%

confidence (t.050)? 
 what t gives 99%

confidence (t.005)?

Example above:
 95% w/ n=16

> t df Critical Table B Example Demo: CI & Test L
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Table B – bottom of the table…

SOC424 @ CSUN - Ellis Godard22

What if we want to be
95% confident (5% risk)
and have more than 100 cases?

The bigger the sample,
the closer t is to z
At some point, t & z
are the same

This table says >100.
Earlier editions said >30
Any number is arbitrary

But use this table, so we’re on the same page!

> t df Critical Table B Example Demo: CI & Test L

An Example Test w/ Table B…
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Last week, did a hypothesis test that the mean years of 
education in the South is less than the U.S. as a whole

There were 411 cases (>29) so we could assume the 
sampling distribution was normal.

But what if we had a smaller group, with < 30 cases?

> t df Critical Table B Example Demo: CI & Test L

Example Small Sample Hypotest
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Education - Highest Year of School Completed

Region Mean Std Dev Std. Error

U.S. (n=1510) 12.884 2.984 0.077

South (n=411) 12.460      3.352 0.165
Non-South (n=1099) 13.043      2.819 0.085
California (n=16)     12.084      2.987 0.747

Note: The California results are based on pure speculation. 

> t df Critical Table B Example Demo: CI & Test L

1. Assumptions
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 We assume interval data, since we’re using a mean and 
calculating the standard error based on a mean & standard 
deviation (which only intervals have!).

 But we don’t have a large sample (since n <30) so we cannot 
assume that the sampling distribution is normal, and must 
assume that the population distribution is normal.

 We always assume a random sample (though it sometimes 
isn’t).

> t df Critical Table B Example Demo: CI & Test L
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Interpretation: The mean number of years of education of 
California respondents was 1.07 standard errors away from the mean 
of respondents nationally.
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> t df Critical Table B Example Demo: CI & Test L
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P-value:

If t = -1.07, then p > 0.100. . Since that p-value is very high 
(>10% so >5%), there is too much probability of getting 
this difference just due to chance, which means too much 
risk that we would be wrong if we rejectedthe null 
hypothesis. 

Conclusion:  Since our p-value exceeds conventional levels 
of significance, we cannot reject the null hypothesis. We 
cannot conclude that educational attainment in California is 
any different than in the U.S. as a whole.

> t df Critical Table B Example Demo: CI & Test L
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Small Sample Conf. Interval

SOC424 @ CSUN - Ellis Godard28

 Just like with large sample – sample formula

 Only difference: Use t table instead of z

 Still a mean plus/minus some # of standard deviations; 
just get a different # of them since n<30.
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> t df Critical Table B Example Demo: CI & Test L

In-class demo…
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 You’re going to these things (by hand) in lab:
1. Construct a set of sample data (on paper, not in SPSS)

2. Construct (& interpret!) a 95% confidence interval

3. Conduct a hypothesis test (all five steps; α =.05)
4. Compare the results – they should be consistent!

 I’ll do a quick demo in Excel – you shouldn’t 
 I’ll paste a screenshot of that here afterwards.
 You can mimic the layout, but don’t have to do
 But you do have get to do the math – I want to see the work

 First, I need small sample of students’ units…

> t df Critical Table B Example Demo: CI & Test L

Example: Small Sample CI vs Hypotest
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1. Let’s make a dataset of units that one row is taking.

2. Let’s estimate, with 95% confidence, how many units 

students in the full population take on average.

3. Let’s conduct a hypothesis test (all five steps; α =.05) for 
whether the average student of the population takes more 

than 10 units.

4. Let’s compare the results of the CI and hypothesis test.
 Are they consistent? 

> t df Critical Table B Example Demo: CI & Test L

In-class demo (10/23/25)…
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> t df Critical Table B Example Demo: CI & Test L

In-class demo (3/27/25)…
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 TBD….

> t df Critical Table B Example Demo: CI & Test L

In-class demo (4/8/24)…
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> t df Critical Table B Example Demo: CI & Test L
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In-class demo (10/26/23)…
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> t df Critical Table B Example Demo: CI & Test L

In-class demo (11/1/21)…
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> t df Critical Table B Example Demo: CI & Test L

Lab: Small Sample CI and Hypotest
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1. Construct a set of sample data from the ages of your group’s 

members (on paper, not in SPSS – & not units; that was my demo)

2. Construct (& interpret!) a 95% confidence interval to estimate 

the average age in the population

3. Conduct a hypothesis test (all five steps; α =.05) for whether the 
average age of the population is 21.

4. Compare the results of your CI interpretation and hypothesis 

test.
 Are they consistent? (Hint: they should be!)

> t df Critical Table B Example Demo: CI & Test L


