
HYPOTHESIS TESTING AND TYPE I AND TYPE II ERROR 

Hypothesis is a conjecture (an inferring) about one or more population parameters. 

Null Hypothesis (H0) is a statement of no difference or no relationship – and is the logical 
counterpart to the alternative hypothesis. 

Alternative Hypothesis (H1 or Ha) claims the differences in results between conditions is due 
to the independent variable. Also known as the research hypothesis – and covers possible 
outcome not covered by the null hypothesis. 

Hypothesis Testing involves making inferences about the nature (or reality) of the population 
on the basis of observations of a sample drawn from the population. 

Type I Error (also known as alpha,αααα) is defined as a decision to reject the null hypothesis when 
the null hypothesis is true. 

Type II Error (also known as beta,ββββ) is defined as a decision to retain (or fail to reject) the null 
hypothesis when the null hypothesis is false. 
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When we retain (or fail to reject) the null hypothesis we are concluding that there is no 
difference between the treatment groups or no relationship between the variables. 

• Retaining H0 – we can only make a Correct Decision (when the H0 is – in reality – 
true) or a Type II Error (when the H0 is – in reality – false). 

 
When we reject (or fail to support) the null hypothesis we are concluding that there is a 
difference between the treatment groups or there is a relationship between the variables. 

• Rejecting H0 – we can only make a Type I Error (when the H0 is – in reality – true) or 
a Correct Decision (when the H0 is – in reality – false). 

 
Type I and Type II errors are inversely related: The smaller the risk of one, the greater the risk 
of the other. By minimizing the probability of making these errors, we maximize the probability 
of concluding correctly, regardless of whether the null hypothesis is true or false. By controlling 
the alpha level – we can minimize the probability of making a Type I error. 
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• If in reality the Null Hypothesis (H0) is TRUE, there is NO significant difference 

between (among) groups. 

• If in reality the Null Hypothesis (H0) is FALSE, this is a significant difference between 
(among) groups. 

• If our decision is to RETAIN the Null Hypothesis (H0), we are concluding that there is 
NO significant difference between (among) groups. 

• If our decision is to REJECT the Null Hypothesis (H0), we are concluding that there is 
a significant difference between (among) groups. 



 
POSSIBLE OUTCOMES (CONCLUSIONS) IN HYPOTHESIS TESTING 
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IN REALITY →→→→ 
 
 
 
 
↓↓↓↓ WHAT WE CONCLUDE 

H0 (Null Hypothesis) is True 
Ha (Alternative Hypothesis) is False 
In Reality… 
• There is no relationship 
• There is no difference, no gain, no effect 
• Our theory is wrong 

H0 (Null Hypothesis) is False 
Ha (Alternative Hypothesis) is True 
In Reality… 
• There is a relationship 
• There is a difference, gain, or effect 
• Our theory is correct 

We retain the Null Hypothesis (H0) 
We reject the Alternative Hypothesis (Ha) 
We say… 
• There is no relationship 
• There is no difference, no gain 
• There is no effect 
• Our theory is wrong 

1 – � 
(e.g., .95) 

CONFIDENCE LEVEL/INTERVAL 
The odds of saying there is no relationship, 
difference, gain, when in fact there is none. 
The odds of correctly not confirming our theory. 
95 times out of 100 when there is no effect, we 
will say there is none. 

� 
(e.g., .20) 

TYPE II ERROR 
The odds of saying there is no relationship, 
difference, gain, when in fact there is one. 
The odds of not confirming our theory when it is 
true. 
20 times out of 100, when there is an effect, we 
will say there is not one. 

We reject the Null Hypothesis (H0) 
We accept the Alternative Hypothesis (Ha) 
We say… 
• There is a relationship 
• There is a difference, is a gain 
• There is an effect 
• Our theory is correct 

� 
(e.g., .05) 

TYPE I ERROR 
(SIGNIFICANCE LEVEL) 

The odds of saying there is a relationship, 
difference, gain, when in fact there is not. 
The odds of confirming our theory incorrectly. 
5 times out of 100, when there is no effect, we 
will say there is one. 
We should keep this small when we cannot 
afford/risk wrongly concluding that our program 
works. 

1 – � 
(e.g., .80) 
POWER 

The odds of saying that there is a relationship, 
difference, gain, when in fact there is one. 
The odds of confirming our theory correctly. 
80 times out of 100, when there is an effect, we 
will say there is one. 
We generally want this to be as large as possible. 
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All statistical conclusions involve constructing two mutually exclusive hypotheses, called the 
null (H0) and alternative (Ha or H1) hypothesis. Together, the hypotheses describe all possible 
outcomes with respect to the inference. That is, one must be right and one must be wrong. The 
central decision involves determining which hypothesis to accept (retain or support) and which 
to reject (fail to retain or support). The null hypothesis is so termed because it usually refers to 
the “no relationship,” “no difference,” “no gain,” or “no effect” case. Usually in research we 
expect that our treatment and/or program will make a difference. So, typically, our theory is 
described in the alternative hypothesis, that there is a relationship, difference, gain, or effect. 

Researchers want to have the highest degree of accuracy (power) with any study they conduct. 
As such, they want to increase the power of the study. As you increase power, you increase the 
chances that you are going to find an effect if it is there. However, if you increase power, you are 
at the same time increasing the chances of making a Type I Error. There is clearly a direct 
relationship between power and alpha (the level of significance). Since we usually want high 
power and low Type I Error, you should be able to appreciate the dilemma researchers face. 

We often talk about alpha (�) and beta (�) using the language of “higher” and “lower.” For 
example, we might talk about the advantages of a higher or lower �–level in a particular study. 
You have to be careful about interpreting the meaning of these terms. When we talk about higher 
�–levels, we mean that we are increasing the chance of a Type I Error. Therefore, a lower �–
level actually means that you are conducting a more rigorous/stringent test. That is, it takes more 
to convince us that something is going on (i.e., that there is a real effect). 

Consider the following associations among alpha (�), beta (�), and Power: 

• The lower the �, the lower the power; the higher the �, the higher the power 

• The lower the �, the less likely it is that you will make a Type I Error (i.e., rejecting the 
null hypothesis when in reality it is true) 

• The lower the � (in numeric value), the more “rigorous” or “stringent” the test 

• An � of .01 (compared to .05 or .10) means the researcher is being relatively careful and 
is only willing to risk being wrong 1 out of 100 times in rejecting the null hypothesis 
when in reality it is true (i.e., saying there is an effect when there really is not one) 

• An � of .01 (compared to .05 or .10) limits one’s chances of concluding that there is an 
effect. This would mean that both the statistical power and the chances of making a Type 
I Error are lower 

• An � of .01 means that you have a 99% chance (1 – �) of saying there is no difference 
when in reality there is no difference (i.e., making a correct decision) 

• Increasing � (e.g., from .01 to .05 or .10) increases the chances of making a Type I Error 
(i.e., saying there is a difference when in reality there is not), decreases the chances of 
making a Type II Error (i.e., saying there is no difference when in reality there is) and 
decreases the rigor of the test 

• Increasing � (e.g., from .01 to .05 or .10) increases power because the researcher will be 
rejecting the null hypothesis more often (i.e., accepting the alternative hypothesis) and, 
consequently, when the alternative hypothesis is true, there is a greater chance of 
accepting it (i.e., power) 
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THE FOUR STEPS IN TESTING A NULL HYPOTHESIS: 

1. STATE THE HYPOTHESES 

• State the null hypothesis and alternative hypothesis(es) 

2. SET THE CRITERION FOR REJECTING H0 

• Set the alpha level, which in turn identifies the critical values 

3. COMPUTE THE TEST STATISTIC 

• If parameter information is known – calculate z 

• If parameter information is not known – calculate t 

4. DECIDE WHETHER TO RETAIN OR REJECT H0 

• Using the obtained probability value (compared to the alpha level) 

• If p > α � Retain the null hypothesis 

• If p < α � Reject the null hypothesis 

• Using the obtained statistic value (compared to the critical value) 

• If |zobt or tobt| < |zcrit or tcrit| � Retain the null hypothesis 

• If |zobt or tobt| > |zcrit or tcrit| � Reject the null hypothesis 
 
Critical Values of the z Test Statistic 

Level of Significance 
Two-tailed Test 

Level of Significance 
One-tailed Test 

Critical Value of 
Test Statistic 

.20 .10 1.282 

.10 .05 1.645 

.05 .025 1.960 

.02 .01 2.326 

.01 .005 2.576 
.001 .0005 3.291 

NOTE that the + and/or – sign is dependent on the type of test being used… 
 
When parameter information (σ) is unknown – we will use the t statistic. Critical values for the 
Student’s t distribution are found on the table on the following page. 
 

Note however, when the sample size (N) is large (when df = ∞) – we can use the 
normal distribution table (Table A – Areas under the normal curve) to obtain critical 
values. That is, the t distribution is identical to the z distribution. 
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CRITICAL VALUES OF STUDENT’S t DISTRIBUTION 

Level of Significance for One-Tailed Test 
.10 .05 .025 .01 .005 .0005 

Level of Significance for Two-Tailed Test 
df 

.20 .10 .05 .02 .01 .001 

1 3.078 6.314 12.706 31.821 63.657 636.619 
2 1.886 2.920 4.303 6.965 9.925 31.598 
3 1.638 2.353 3.182 4.541 5.841 12.941 
4 1.533 2.132 2.776 3.747 4.604 8.610 
5 1.476 2.015 2.571 3.365 4.032 6.859 

6 1.440 1.943 2.447 3.143 3.707 5.959 
7 1.415 1.895 2.365 2.998 3.499 5.405 
8 1.397 1.860 2.306 2.986 3.355 5.041 
9 1.383 1.833 2.262 2.821 3.250 4.781 

10 1.372 1.812 2.228 2.764 3.169 4.587 

11 1.363 1.796 2.201 2.718 3.106 4.437 
12 1.356 1.782 2.179 2.681 3.055 4.318 
13 1.350 1.771 2.160 2.650 3.012 4.221 
14 1.345 1.761 2.145 2.624 2.977 4.140 
15 1.341 1.753 2.131 2.602 2.947 4.073 

16 1.337 1.746 2.120 2.583 2.921 4.015 
17 1.333 1.740 2.110 2.567 2.898 3.965 
18 1.330 1.734 2.101 2.552 2.878 3.922 
19 1.328 1.729 2.093 2.539 2.861 3.883 
20 1.325 1.725 2.086 2.528 2.845 3.850 

21 1.323 1.721 2.080 2.518 2.831 3.819 
22 1.321 1.717 2.074 2.508 2.819 3.792 
23 1.319 1.714 2.069 2.500 2.807 3.767 
24 1.318 1.711 2.064 2.492 2.797 3.745 
25 1.316 1.708 2.060 2.485 2.787 3.725 

26 1.315 1.706 2.056 2.479 2.779 3.707 
27 1.314 1.703 2.052 2.473 2.771 3.690 
28 1.313 1.701 2.048 2.467 2.763 3.674 
29 1.311 1.699 2.045 2.462 2.756 3.659 
30 1.310 1.697 2.042 2.457 2.750 3.646 

40 1.303 1.684 2.021 2.423 2.704 3.551 
60 1.296 1.671 2.000 2.390 2.660 3.460 

120 1.289 1.658 1.980 2.358 2.617 3.373 

∞∞∞∞ 1.282 1.645 1.960 2.326 2.576 3.291 
 

The values listed in the table are the critical values of t for the specified degrees of freedom (left column) and the 
alpha level (column heading). For two-tailed alpha levels, tcrit is both + and –. To be significant, |tobt| > |tcrit|. 


