
Stats Starts Here 
 
Statistics 
Statistics (singular) – a way of reasoning, along with a collection of tools and methods,  

            designed to help us understand the world 
○ Statistics is about variation. Data vary because one does not see everything and even 

one’s measurements can be imperfect. 
○ Essential Statistics is about the real, imperfect world. 

Statistics (plural) – particular calculations made from data; summaries of data  
 
Data – any collection of numbers, characters, images, or other items that provide information 
  (values along with their context; datum – singular) 
 
The W’s – to provide context 
Who 

○ The rows of a data table correspond to individual cases or records about Whom (or 
Which) one records some characteristics. 

○ Often, the cases are a sample of a larger population that one would like to understand. 
The sample is the representative of the population. 

○ Individuals who answer a survey are respondents. 
○ People on whom one experiments are subjects or participants. 
○ Animals, plants, websites, and other inanimate subjects are often called experimental 

units. 
What 

○ Characteristics recorded about each individual are called variables, which are usually 
the columns shown in the data table. They identify What has been measured. 

When and Where 
○ These are essential to include in the table if provided, as they can change the meaning 

of the data. 
Why 

○ There must be an explanation for Why the collected data is valuable. 
hoW 

○ hoW the data is collected can make the difference between insight and nonsense.  
 
Variables 
Identifiers 

○ Identifiers are variables that give each individual a unique value (eg. student ID). 
Categorical 

○ These variables tell what group or category each individual belongs to. 
Quantitative 

○ Variables containing numerical values with measurement units are quantitative. 
Ordinal 

○ These are variables that report order without natural units. 
 



Scatterplots, Association, and Correlation 
 

Scatterplot – shows patterns, trends, relationships, and extraordinary values 
○ Observes two quantitative variables for a possible association between them 
○ When describing scatterplots and interpreting r, look for:     

- D – direction (eg. positive, negative, none) 
- U – unusual observations (eg. outliers, gaps) 
- F – form (eg. linear, curved) 
- S – strength (eg. weak, moderate, strong) 
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Roles for Variables 

○ The variable of interest is the response variable (y-axis), and the predictor variable is 
the explanatory variable (x-axis). 

 
TI Tips – Creating a Scatterplot 
Naming the Lists 

1. Go into STAT Edit, place the cursor on one of the list names, and use the arrow key to 
move right across all the lists until the blank column. 

2. Type the x-variable name then hit ENTER. Then, type in the values in the column. 
3. Go to the next blank column, name the y-variable, and enter the corresponding values. 

Making the Scatterplot 
1. Set up STAT PLOT and chose the first icon. 
2. Identify which lists go into Xlist and Ylist. To specify them, go to 2nd LIST NAMES, 

scroll down the list of variables, and hit ENTER on the right list. 
3. Use ZoomStat to see the scatterplot. Use TRACE to see exact values. 

 
Correlation Coefficient (r) 

○ A numerical measure of the direction and strength of a linear association 
○ It does not have units, nor does it change by switching axes. 
○ r is nonresistant, meaning outliers in a pattern strengthen correlation, and outliers out 

of a pattern weaken correlation. 
 
Correlation Conditions 

○ Correlation measures the strength of the linear association between two quantitative 
variables. Before using it, check several conditions: 

- Quantitative Variables Condition: Don’t make an error of calling an 
association involving a categorical variable a correlation. Correlation is for 
quantitative variables. 

- Straight Enough Condition: Look at the scatterplot to see whether it looks 
reasonably straight, and check that the variables are truly linearly related. No 
linearity assumptions. 



From Randomness to Probability 
 

Random Phenomenon  
○ A situation in which one knows what outcomes can possibly occur, but one does not 

know which particular outcome will happen 
○ In general, each occasion upon which one observes a random phenomenon is called a 

trial. 
○ At each trial, one notes the value of the random phenomenon and call that the trial’s 

outcome. 
○ When one combines outcomes, the resulting combination is an event. The collection 

of all possible outcomes is called the sample space. 
 
The Law of Large Numbers 

○ The LLN says that as one repeats a random process over and over, the proportion of 
times that an event occurs does settle down to one number, which is called the 
probability of the event. 

- Short-term outcomes are unpredictable by probability, whereas long-term 
outcomes are predictable. 

○ The LLN requires two key assumptions: 
1. The random phenomenon being studied must not change–the outcomes must 

have the same probabilities for each trial. The events must be independent 
(the outcome of one trial doesn’t affect the outcomes of the others). 

2. As the number of independent trials increases, the long-run relative frequency 
of repeated events gets closer and closer to a single value–probability. 

○ The Law of Averages does not exist. 
 
Modeling Probability 

○ When working with probability, always make a picture (e.g. Venn diagram). 
○ When the probability comes from a mathematical model and not from observation, it 

is called theoretical probability. 
○ When a probability is subjective and represents one’s personal degree of belief, it is 

called personal probability. 
 
Interpreting Probability 

○ “…in the long run.”  
 
Formal Probability Rules 

1. A probability is a number between 1 and 0. For any event A, 0 ≤ P(A) ≤ 1. 
2. Probability Assignment Rule 

- The set of all possible outcomes of a trial must have probability 1. P(S) = 1. 
3. Complement Rule 

- The set of outcomes that are not in the event A is called the complement of A, 
and is denoted AC.  P(AC) = 1 – P(A) 

4. Addition Rule 



Comparing Two Proportions 
 
Variances of independent and random variables add 

○ The variance of a sum or difference of independent random variables is the sum of the 
variances of those variables 

 
Sampling distribution of the difference between two sample proportions 

○ The sampling distribution of 𝑝̂ 1 − 𝑝̂ 2is, under appropriate assumptions, modeled by a 
Normal model with mean𝜇 = 𝑝1 − 𝑝2and standard deviation 𝑆𝐷(𝑝̂ 1 − 𝑝̂ 2) =

√
𝑝1𝑞1

𝑛1
+

𝑝2𝑞2

𝑛2
 

 
Two-proportion z-interval 

○ Gives a confidence interval for the true difference in proportions, 𝑝1 − 𝑝2, in two 
different groups. 

○ The confidence interval is (𝑝̂ 1 − 𝑝̂ 2) ± 𝑧∗ × 𝑆𝐸(𝑝̂ 1 − 𝑝̂ 2), where 𝑧∗is a critical value 
from the standard Normal model corresponding to the specified confidence level. 

 
Pooling 

○ When we believe a proportion is the same in two different groups, we can get a better 
estimate of this common proportion by combining the data from our two samples. 
 𝑝̂ 𝑝𝑜𝑜𝑙𝑒𝑑 =

𝑥1+𝑥2

𝑛1+𝑛2
 

○ The resulting standard error is based on more data and hence more reliable (if the null 
hypothesis is true). 

 
Two-proportion z-test 

○ Test the null hypothesis H0: p1–p2 = 0 by referring to the statistic 𝑧 =
𝑝̂ 1−𝑝̂ 2

𝑆𝐸𝑝𝑜𝑜𝑙𝑒𝑑(𝑝̂ 1−𝑝̂ 2)
 

to a standard Normal model. 
 
TI Tips––Finding the Confidence Interval (difference of two proportions) 

1. Go to the STAT TESTS menu. Scroll down to the list and select 2-PropZInt. 
2. Enter the observed values (x) and the sample sizes (n) for both groups. 
3. Specify the desired confidence level. 
4. Calculate the result. 

 
TI Tips––Testing the Hypothesis (difference of two proportions) 

1. In the STAT TESTS menu, select 2-PropZTest. 
2. Enter the observed values and sample sizes for both groups. 
3. Since this is a two-tailed test, indicate that you want to see if the proportions are 

unequal. The calculator will automatically include both tails as it determines P-value. 
4. Calculate the result. 



○ Spread around the line. 
- The spread around the line is measured with the residual standard 

deviation, se. You can always find se in the regression output, often 
just labeled s. 

○ Spread of the x’s. 
- In a plot with samples from populations with a broader range of x-values, 

we’d expect the slopes in samples from populations like that to vary less from 
sample to sample.  

- If sx, the standard deviation of x is large, it provides a more stable regression. 
○ Sample size: if larger, regression is more accurate 

 
Standard Error for the Slope 

○ When we standardize the slopes by subtracting the model mean and 
dividing by their standard error, we get a Student’s t-model, this time 
with n–2 degrees of freedom 

 
Regression Inference 

○ To test 𝐻0: 𝛽0 = 0, we find  
○ A 95% confidence interval for 𝛽 is  

 
TI Tips –– Doing Regression Inference 

○ Test a Hypothesis About the Association 
1. Enter the x-values in L1 and the predicted y-values in L2. 
2. Check the scatterplot. If it’s not obviously nonlinear, go ahead. 
3. Under STAT TESTS choose LinRegTTest. 
4. Specify the two data lists (with Freq:1). 
5. Choose the two-tailed option.  
6. Tell it to store the regression equation in Y1 (VARS, Y-VARS, Function…), 

then Calculate. 
○ Create a Confidence Interval for the Slope 

1. Back to STAT TEST; this time you want LinRegTInt. 
2. The specifications for the data lists and the regression equation remain. 
3. Choose a confidence level and Calculate. 

○ Check the Conditions 
1. Make sure the scatterplot looks linear. 
2. To create the residuals plot, set up another scatterplot with RESID (from LIST 

NAMES) as your Ylist. The residuals plot may show a slight hint of 
diminishing scatter, but if data values are few, it’s not very clear. 

3. The histogram of the residuals is unimodal and roughly symmetric. 
 
 




