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Types of Statistics 

Descriptive 

 

 Procedures for 

organizing and 

summarizing data 

Inferential 

 

 Techniques that allow 

to study samples and 

then make 

generalizations about 

the population from 

which they were 

selected. 

Descriptive vs. Inferential 
Population of 

college 

students 

Research question: 

Is there a difference 

between two teaching 

methods 

Research design: 

Experiment: 

Compare two 

methods 

Data: 

Test score for each 

student in each 

sample 

73   75 72    79 

76   77   75    77 

72   76   76    78 

80   74   76    78 

73   77   74    81 

77   77 

68   70   73   71 

76   72   70   71 

75   68   70   71 

72   74   69   72 

76   73   70   70 

69 

Sample A 

Taught by Method A 

Sample B 

Taught by Method B 

Descriptive vs. Inferential 

Descriptive Statistics 

Organize and simplify 

Inferential Statistics: 

Interpret results 

METHOD A

82.080.078.076.074.072.0

8

6

4

2

0

Sample A 

Average  

Score= 76 

METHOD B

76.074.072.070.068.0

8

6

4

2

0

Average  

Score= 71 

Sample B 

The sample data show a 5 point difference between the two 

teaching methods.  However, there are two ways to interpret 

results 

1.  There is actually no difference; sampling difference is due 

to sampling error 

2.  There is a difference and sample data accurately reflect this 

difference 

Inferential statistics allow researchers to decide between these 

two interpretations 
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Sampling error: 

discrepancy, or 

amount of error, that 

exists between a 

sample statistic and 

the corresponding 

population 

parameter 

 

 

Population 

1000 college students 

Population Parameters 

Average Age= 21.3 years 

Average IQ = 112.5 

65% female, 35% male 

Sample #1 

Eric 

Jessica 

Laura 

Karen 

Brian 

 

Sample Parameters 

Average Age= 19.8 

Average IQ = 104.6 

60% female, 40% male 

Sample #2 

Paul 

Juan 

Cathy 

Patrick 

Regina 

 

Sample Parameters 

Average Age= 20.4 

Average IQ = 114.2 

40% female, 60% male 

Probability 

Probability = 
Possible successful outcomes 

All possible outcomes 

Probability 

Probability  of 

getting heads  = 

Possible successful outcomes 

All possible outcomes 

1 

2 
= 

= .5 = 50% 

http://images.google.com/imgres?imgurl=http://www.math.hawaii.edu/~hile/math100/proba_files/coinflip.jpg&imgrefurl=http://www.math.hawaii.edu/~hile/math100/proba.htm&h=206&w=194&sz=8&tbnid=GnCKtd4-mtAJ:&tbnh=100&tbnw=94&hl=en&start=9&prev=/images%3Fq%3Dflipping%2Ba%2Bcoin%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
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Probability 

Probability  of 

getting 2  = 

Possible successful outcomes 

All possible outcomes 

1 

6 
= 

= .17 = 17% 

Probability expressed as 

symbols 

 Symbolized by the letter p 

 A 50-50 chance is written a p = .5. 

 p < .05,  the probability is less than .05 

 p < .05 

 

 

Probability 

 Probability: The chance of obtaining a 
specific outcome out of multiple different 
outcomes 

 Equally Likely Model: The chance of obtaining 
any particular outcome is equal 

 Mutually exclusive outcomes: It possible to 
obtain only one outcome per trial 

 Independent outcomes: the outcome of one 
trial has no impact on the outcome of another 
trial  

 

http://images.google.com/imgres?imgurl=http://www.tug.org/tex-archive/macros/latex/contrib/movie15/example/dice.png&imgrefurl=http://www.tug.org/tex-archive/macros/latex/contrib/movie15/example/&h=413&w=573&sz=29&tbnid=oonnOHix4K0J:&tbnh=94&tbnw=131&hl=en&start=182&prev=/images%3Fq%3Ddice%26start%3D180%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
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Step 1.  State the (2) hypotheses 

 Null hypothesis H0 : states that in the 

general population there is no change, no 

difference, or no relationship.  In the context 

of an experiment H0 predicts that the 

independent variable (treatment) will have no 

effect on the dependent variable for the 

population.  

 H0: μ with supplement = 80 

Step 1 (continued).   

 Alternative Hypothesis H1: states that in the 

general population there is a change, 

difference, or relationship.  In the context of 

an experiment H0 predicts that the 

independent variable (treatment) will have an 

effect on the dependent variable for the 

population.  

 H0: μ with supplement = 80 

Step 2: Set the criteria for a 

decision 

: 

High probability values  

If H0 is true 

Extreme, low- 

probability values  

H0 is true 

Extreme, low- 

probability values  

H0 is true 
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Alpha level or level of 

significance 

 How extreme a sample score would need to 

be to decide against the null hypothesis; how 

extreme the sample would have to be unlikely 

that you could get such an extreme score if 

the null hypothesis was true 

 Setting cutoff sample score on the 

comparison at which the null hypothesis 

should be rejected 

Alpha level or level of 

significance α  

 Alpha level or level of significance is the 
probability value that is used to define the 
very unlikely sample outcomes if the null 
hypothesis is true. 

 The Critical Region is composed of extreme 
sample values that are very unlikely to be 
obtained in the null hypothesis is true.  The 
boundaries for the critical region are 
determined by the alpha level.  If sample data 
fall in the critical region, the null hypothesis is 
rejected. 

z=-1.96 z=+1.96 

R

e

g

i

n

o 

Bottom 2.5% 

Critical region 

Critical region 

Top 2.5% 

Reject H0 
Reject H0 

Middle 95% 

High probability 

values if H0 is true 
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Conventional levels of 

significance 

 Usual cutoff of 5%; (p < .05) 

 1%; (p < .01); split two tails = .05% in each 
tail 

 When you reject the null hypothesis you 
would say that the results are statistically 
significant 

 when a result is not extreme enough to reject 
the null hypothesis, you would say that the 
results were not statistically significant-
inconclusive 

One tailed and two-tailed 

hypothesis tests 

 Directional hypothesis 

 One tailed tests; either direction 

 Nondirectional hypothesis; have to take into 

account the possibility that the sample could 

be extreme at either tail of the sampling 

(comparison) distribution. 

 For a two tailed test cutoff Z score for the 5% 

level  

 

0 +1 +2 +3  -1 -2 -3 

z=-1.96 

(.05 two tailed=).025 

R

e

g

i

n

o 

Reject H0 Reject H0 Do not reject HO 

.05 significance level 

.025 

(=.05 two 

tailed 

1.96 

.05 one tailed 

1.64 
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0 +1 +2 +3  -1 -2 -3 

z=-2.58 

(.01 two tailed=).005 

R

e

g

i

n

o 

Reject H0 Reject H0 Do not reject HO 

.01 significance level 

.005 (=.01 

two tailed 

2.58 

.01 one tailed 

2.33 

Step 3. collect data and 

compute sample statistics 

Step 3. collect data and 

compute sample statistics 

 Example: Sample M = 92 after taking the 

supplement for 6 months.σ = 20, n=25 

σM = 
σ 

= 
√ n 

  20 

√ 25 
= 4 

z score =  M – μ   = 92-80  =  12 =  3.00 

                           4             4 
σM = 

Far beyond the boundary of 1.96, we reject the null, and conclude that 

blueberry supplement did have an effect 
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One- tailed and two-tailed cutoff Z scores 

for the .05 and .01 significance levels 

 

-1.64 or 1.64 

 

-1.96 and 1.96 

 

-2.33 or 2.33 

 

-2.58 and 2.58 

Type of test 

Significance 

Level 

.05 

.01 

    One-Tailed  Two-Tailed 

Possible Correct and Incorrect 

Decisions in Hypothesis Testing 

Error 

(Type I) 

alpha 

Correct 

decision 

Correct 

Decision 

 Error 

(Type II) 

Beta 

Research hypothesis 

is supported (reject 

null hypothesis) 

 Null 

Hypothesis 

True  

Research 

Hypothesis 

True  

Study is inconclusive 

(did not reject null 

hypothesis) 

Four possible outcomes 

1.  Correct decision: Retain H0 when H0 is 
actually true.  

2. Type I Error: Reject H0 when H0 is actually 
true. Also called alpha. Worse kind of 
error 

3. Correct Decision: Reject H0 when H0 is 
actually false. 

4. Type II Error : Retain H0 when H0 is actually 
false. Also called Beta. Most common error 
Power. 
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Possible Correct and Incorrect Decisions 

in Hypothesis Testing 

Conclude that the 

study supports 

your research 

hypothesis but in 

reality it is false 

Correct decision 

Correct Decision 

you find that your 

results are 

inconclusive 

when in reality it 

is true 

Research hypothesis 

is supported (reject 

null hypothesis) 

 Null 

Hypothesis 

True  

Research 

Hypothesis 

True  

Study is inconclusive 

(did not reject null 

hypothesis) 

Possible Correct and Incorrect Decisions 

in Hypothesis Testing 

Lower the alpha, 

the smaller the 

chance of an alpha 

error 

Correct decision 

Correct Decision 
Increase your 

alpha level 

Research hypothesis 

is supported (reject 

null hypothesis) 

 Null 

Hypothesis 

True  

Research 

Hypothesis 

True  

Study is inconclusive 

(did not reject null 

hypothesis) 

Factors that influence a 

hypothesis test 

 The size of the mean difference between the 

sample mean and population mean 

 The variability of the scores measured by 

standard deviation or variance 

 The number of scores in sample 
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Samples vs. Populations 

 Samples are used to 

describe populations. 

 

Population: set of all 

cases of interest.  

 

Sample: subset of the 

population used to 

represent the 

population. 

draw 

sample 

draw 

sample 

Normal distribution as a probability distribution  

f 

0 +1 +2 +3  -1 -2 -3 

.3413 .3413 .1359 .1359 .0013 .0013 

Using the Z distribution to 

assess probability 

10,000 

balls 

+1.00 -.86 

+.27 
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Z distribution tells me that 

 68.26% of the 10,000 balls will fall within 1 

standard deviation of the mean z score of 0. 

 Which means that 6.826 balls will have a 

value ranging from -1.00 to +1.00 and so on 

Hence the probability of getting a ball between 

the number of -1 and +1 is 68% 

One tailed and two-tailed 

hypothesis tests 

 Directional hypothesis 

 One tailed tests; either direction 

 Nondirectional hypothesis; have to take into 

account the possibility that the sample could 

be extreme at either tail of the sampling 

(comparison) distribution. 

 For a two tailed test cutoff Z score for the 5% 

level  

 

The sampling distribution of 

the means 

Sample 1 mean=495 

Sample3 
mean=520 

Sample 1 mean=495 Sample 2 mean=505 
All scores of 

population on 

SATs 
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Central limit theorem 

1. The mean of the sampling distribution 
equals the mean of the underlying raw 
score population from which we created the 
sampling distribution 

2. A sampling distribution is an approximately 
normal distribution 

3. The standard deviation of the sampling 
distribution is mathematically related to the 
standard deviation for the raw score 
population  

Sampling distribution of SAT scores 

X X X X X X X 

µ 

X X X X X 

f 

X 

500 Higher means Lower means 

The X axis 

shows the 

different values 

of X obtained 

when sampling 

the SAT 

population 

Need to use Z-scores to determine location 

of mean on normal distribution  

 Step one: Getting the standard deviation of 

the sampling distribution of means 
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0 +1 +2 -2 -1 

Population mean=500 

Sample 1 mean=495 
Sample 2 mean=520 

Sample 3 mean=505 Sample n mean=490 

Standard error of the mean 

 SE = SD / √n 

 SD is the standard deviation of our sample  

 n is the number of cases. That is, the 

standard error is estimated by the dividing the 

obtained standard deviation by the square 

root of the number of cases.  

 Notice that the standard error becomes 

smaller as the size of the sample increases.  

Example 

Identify SD of the raw score population and the N 

used to create the sample. We used an N =25 and 

through record keeping we know that the SD= 100 
 

SE = SD / √n  
 

SE = 100/ √25 = 100/5 = 20  

 In the SAT sampling distribution, the individual 

sample mean differ from the µ by an “average” of 

20 point when the N of each sample is 25. 
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Computing a z-score for a 

sample mean 

X-µ 
z= 

X 

Computing a z-score for a 

sample mean 

520-500 
z= 

20 

= +1 

Proportions of the standard normal curve applied to 

the sampling distribution of SAT means  

µ = 500 

500 520 540 560 480 460 440 

f 

0 +1 +2 +3  -1 -2 -3 

.50 

.3413 .3413 .1359 .1359 .0013 .0013 


