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Inferential Statistics 

Generalizing from Sample 

• Descriptive statistics 
– Describe characteristics of our sample 

•  Inferential statistics 
– Use sample characteristics to make 

inferences about population 

Inferential Statistics 

•  Infer population characteristics from 
sample 
– Necessary if impossible to test entire 

population of interest 
• Want sample to be representative of the 

population 
– Increases confidence when making inferences 

about population 
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Critical Concepts 

• Hypothesis testing 
•  Probability 

– P values 
•  Statistical significance 

– Power 
– Effect size 

Levels of Hypotheses 

• Conceptual 
– State expected relationships among concepts 

• Research 
– Relationship we suspect exists between 

operationalized variables 
•  Statistical 

– “Expected relationship between/among 
parameters of populations” 

Statistical Hypothesis 

• Descriptive statistics 
– Describe the central tendency and variability 

of sample 
– Can observe differences (or not) between 

groups 
•  Inferential statistics 

– Used to assess whether group differences in 
sample are true of population 
• Mutually exclusive 
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Statistical Hypothesis 
•  Sample descriptive 

statistics 
–  Pictures drawn for fun 

(intrinsic) 
•  Mean = 7.5 
•  St.dev = 1.2 

–  Pictures drawn for pay 
(extrinsic) 

•  Mean = 5.5 
•  St.dev = 1.1 

•  In sample, differences 
between groups 
–  Intrinsic > extrinsic 

•  Is this true of the 
general population? 
–  H0: No difference 

between intrinsic and 
extrinsic 

–  H1: Difference between 
intrinsic and extrinsic 

•  Tests extent to which 
sample generalizes to 
the population 

Testing the Statistical Hypothesis 

•  Ability to infer population results from 
sample results 
– Affected by difference between means 
– Affected by variability 
– Confirming the Null Hypothesis 
– Can only determine probability 

• Never know for sure whether sample results 
describe population results 

Marijuana & Airplane Crashes 

•  Central Airlines Flight 
27 

•  Co-pilots smoked 
marijuana 
– 24 hours prior to crash 

•  Effects of marijuana 
on plane landings 
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Procedure 

•  Pilots trained 8 hours in 
simulator 

•  Testing (Day 1) 
– Land simulated plane 

•  Asses performance 
– Smoke joint 

•  19 mg of THC 

•  Testing (Day 2) 
– Land simulated plane 

•  Asses performance 

Statistical Hypotheses 

1.  Landing performance would be the same 
before smoking as it was 24 hours after 
smoking.  

–  Null hypothesis – no difference between conditions 
2.  Landing performance would be better before 

smoking than it would 24 hours after smoking 
–  Alternate hypothesis – differences between 

conditions 

Comparison 

• When using inferential statistics compare 
– Likelihood the null hypothesis (H0) is correct 

• Differences due to chance 
– Likelihood the alternative hypothesis (H1) is 

correct 
• Differences are an effect of the manipulation 

• Mutually exclusive hypotheses 
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Simulated Landing Performance 

                                  Marijuana Condition 

Before Smoking After Smoking 

Landing Perform. M SD M SD 

Distance off-center 12 6.5 24 8.2 

Lateral Deviation 19 6.4 34 11.2 

Vertical deviation 26 13.0 40 18.4 

Generalizing the Results 

•  Statistical significant 
differences 
– Central tendency 

•  Degree to which the 
groups differ 

– Variability in scores 
•  Consistency of 

differences 

Effect of Variability 
Distance  

Off Center 
Before Marijuana 

Distance  
Off Center 

After Marijuana 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

M = 12 
SD = 0 

M = 24 
SD = 0 
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Effect of Variability 

11 
12 
11 
13 
10 
15 
  9 
11 
13 
11 

23 
24 
25 
23 
20 
20 
28 
23 
25 
25 

M = 12 
SD = 2 

M = 24 
SD = 2 

Distance  
Off Center 

Before Marijuana 

Distance  
Off Center 

After Marijuana 

Effect of Variability 

  1 
25 
17 
  6 
30 
  2 
  1 
11 
18 
10 

83 
16 
27 
  4 
  7 
60 
10 
20 
  5 
  9 

M = 12 
SD = 10 

M = 24 
SD = 27 

Distance  
Off Center 

Before Marijuana 

Distance  
Off Center 

After Marijuana 

12 24 

12 24 
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Simulated Landing Performance 

                                  Marijuana Condition 

Before Smoking After Smoking 

Landing Perform. M SD M SD 

Distance off-center 12 6.5 24 8.2 

Lateral Deviation 19 6.4 34 11.2 

Vertical deviation 26 13.0 40 18.4 

Using Inferential Statistics 

• Uses probability 
– Can only indicate likelihood results from a 

sample will generalize to a population 
• Uncertainty in conclusions 

Probability 

•  Population data varies 
– Varying degrees of consistency 

•  Probability 
– Proportion of times event would occur if 

events repeated indefinitely 
•  Independent outcomes 

– Sum of probabilities = 1 



8/26/09 

8 

Determining Probability 

•  Get heads when you 
flip a coin 
– 1 of 2 possible 

outcomes  
•  Rolling a six on one 

dice 
•  Picking an ace out of 

the deck 

Rejecting Null Hypothesis 

• Null hypothesis (H0) 
– No real difference in mean scores between 

conditions 
• Reject H0 

– Differences between conditions are real 
– Would find differences in population 

•  Accept H0 
– Differences between conditions due to chance 

• Would NOT find differences in population 

Type I and Type II Errors 
The True State of Affairs 

Yo
ur

 S
ta

tis
tic

al
 D

ec
is

io
n Ho is True: 

There should be 
no difference  
Between X and Y 

Ho is False: 
There should be 
a difference  
Between X and Y 

Fail to reject Ho: 
Found no significant  
difference between  
X and Y 

Reject Ho: 
Found a significant  
difference between  
X and Y 

Correct 
Decision 

Type II 
Error 

Correct 
Decision 

Type I 
Error 
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P Value (Alpha) 

•  Scientists are conservative 
– More willing to make Type II errors 
– Very unwilling to make Type I errors 

•  Set strict criteria for rejecting Ho. 
– Less than 5% chance their results occurred by 

chance 
• NOT the same thing as saying 95% chance that H1 

is correct 

•  Alpha set to .05 (p < .05) 

Alpha 

•  Arbitrary setting 
– Set at .05 by convention 

• Obtained p values between .06 and .10 
– “Marginal” or “Non-reliable” differences 

• Consequences of error type 
– Help determine where to set alpha 

Hypothetical Experiment 

• Research hypothesis 
– “Pictures help people to learn the concept of 

statistical significance” 
• Randomly assign students in a class to 

one of two groups 
– Group 1 (control) 

• Verbal description 

– Group 2  
• Picture 
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Type I and Type II Errors 
The True State of Affairs 

Yo
ur

 S
ta

tis
tic

al
 D

ec
is

io
n 

H0 is True H0 is False 

Fail to reject H0 

Reject H0 

Correct 
Decision 

Type II 
Error 

Correct 
Decision 

Type I 
Error 

Type I and Type II Errors 
The null hypothesis 

And researcher 

If true If false 

Does not  
reject 

Rejects Does not  
reject 

Rejects 

Correct 
decision 

Correct 
decision 

Type I 
error 

Type II 
error 

Hypothetical Experiment (cont.) 

•  Both groups tested on their mastery of 
concept 

•  Statistical hypotheses 
– Null hypothesis (H0) 

• No difference in test scores 

– Alternative hypothesis (H1) 
• Group 2 will receive higher test scores than Group 

1 
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Hypothesis Testing 

X 

X+25 

Distribution 
if null is  
correct 

Distribution 
if alternative  
is correct 

Hypothesis Testing 

Alpha = .05 

1- Beta 

X 

X+25 

Distribution 
if null is  
correct 

Distribution 
if alternative  
is correct 

Power 

1- Beta 

X+25 

Distribution 
if alternative  
is correct 

Type II error 

Power 
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Hypothesis Testing 

Alpha = .05 

1- Beta 

X 

X+25 

Distribution 
if null is  
correct 

Distribution 
if alternative  
is correct 

Increasing Statistical Power 

•  Inferential statistics 
– Indicate probability of making Type I error 
– Poor at indicating probability of Type II error 

• When forced to accept null hypothesis 
– Difficult to determine probability of effects for 

the population 
• Design studies to increase statistical 

power 

Increasing Statistical Power 

1.  Alpha 
–  More lenient criterion 

2.  Scale of measurement 
–  Allows more powerful statistical tests 

3.  Variability 
–  Reduce variability in distribution 

4.  Experimental treatment 
–  Maximize effect of manipulation 

5.  Subjects 
–  Increase number of subjects 
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Changing Alpha 

•  Set lenient criteria for 
alpha 
–  Increase risk of Type I 

error 
•  One-tailed p value 

Alpha = .05 

X 

Alpha = .15 

X 

Alpha = .05 

Scales of Measurement 

• How you measure 
variables affects power 
– Interval or ratio 

measurement 
• Allows more powerful 

statistical tests 
• More powerful because 

they account for variability 

Variability 

12 24 

12 
24 
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Decreasing Variability 

• Control for influence of extraneous 
variables 
– Remove “noise” due to these variables 

• Restrict sample to specific group of 
individuals 
– Sample more similar to each other 
– Removes “noise” due to individual differences 
– Effects might not generalize to population 

Maximize Treatment Manipulation 

•  Ensure large differences 
between groups in the 
treatments 
–  Helps to ensure large 

mean differences between 
groups 

•  If differences exist due to 
manipulation 

•  Example: Effects of study 
time on exam grade 
–  Group #1 studies 1 hour 

during week 
–  Group #2 studies 2 hours 

during week  

•  Example: Effects of study 
time on exam grade 
–  Group #1 studies 1 hour 

during week 
–  Group #2 studies 5 hours 

during week  

Sample Size 



8/26/09 

15 

Paradox  in Research 

•  Representative sample of population 
– More subjects 

•  Statistical significance due to more than number 
of subjects 
– Fewer subjects 

Effect Size 
•  The practical importance of a research 

finding 
•  A result can be statistically significant but 

of no practical importance 
Cohen’ d 
2 means 

r2 (R) 
Correlation 

η2 

> 2 means 
Cramer’s v 
Nonparametric 

Small .20 .01 (.10) .01 .10 

Medium .50 .09 (.30) .06 .30 

Large .80 .25 (.50) .14 .50 

Meaningful Effect Sizes 
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Heart Attack Example 

No heart attack Heart attack 

Aspirin 

Placebo 

10,933 

10,845 

104 

189 

Effect size = .034 

MI absent MI present 

Aspirin 

Placebo 

51.7 

48.3 

48.3 

51.7 

Effect size, Sample size & Power 


