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These programs are written for the TI-83/84 graphing calculator.  Each one attempts to illustrate 
a concept from the AP Statistics curriculum.  Certainly statistical software programs (Fathom, 
for instance) and computer applets available on the Internet can do a more thorough job in 
illustrating concepts than a calculator can.  Calculators, however, are tools that most, if not all, 
instructors teaching AP Statistics have available to them, and teachers might find these programs 
helpful in demonstrating and explaining certain concepts to their students.  
 
The programs make extensive use of the built in lists L1 through L6, so if any data is stored in 
these lists the programs will erase this data.  The TI-83/84 also has Picture variables (Pic0, Pic1, 
Pic2,…, Pic9) that get used by the programs.  If you have a picture stored to one of these 
variables it may get erased when you run the programs.  When a program is ended the calculator 
should get set back to a ‘standard’ mode—Axes On, Zoom Standard, and no pictures on the 
screen. 
 
After a program gets downloaded to your computer, getting it into your calculator requires a 
special cable that links computer and calculator as well as software (either TI GraphLink or TI 
Connect) that can be downloaded free from TI’s website.  The link to information about 
connecting computer to calculator can be found on the Links page of this website. 
 
The table below lists the programs described in this document and the amount of memory (in 
bytes) that each program takes up on the calculator. 
 

Program Memory (Bytes) 
ADDPOINT 521 
CHISQDIE 653 
CONFINTR 616 
RSQUARED 374 
SAMPLING 628 

 
Comments and feedback about these programs are more than welcome, especially if something 
goes wrong or if there is a question on exactly how they work.  I have done my best to get these 
programs in good working order and hope to put other programs on the site once I get them ‘in 
shape’.   
 
While these programs do not come close to the capabilities of statistical software programs and 
computer applets, I do believe they can be helpful in demonstrating key concepts in AP 
Statistics.  They are mostly inspired by my attempts to explain these concepts to my students and 
my ineptitude at drawing the pictures I want the way I want on the blackboard (particularly in the 
case of r-squared). 
 
I hope you get some use out of these programs and if you have ideas for other programs, please 
let me know! 
         John Lieb 
         The Roxbury Latin School 
         West Roxbury, MA 
         jlieb19@yahoo.com 
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SCENARIO for program ADDPOINT 
 
Suppose a least squares regression line (LSRL) is calculated for a set of bivariate data.  If an 
additional data point were added to the data set, how would that affect the LSRL?  That, of 
course, depends on where that additional point is in relation to the original data.  This program 
allows the user to draw in a point on a scatterplot and see how this affects the LSRL and r 
(correlation coefficient). 
 
The data used in the description of the program is given below.  The table gives the lowest round 
trip airfare available for flights leaving from Logan airport in Boston on January 5, 2000.  The 
data on the airfares was found in the Sunday Travel section of the Boston Globe.  (Inspired by 
data set used in Allan Rossman’s Workshop Statistics.) 
 

City Distance (miles)  (x) Airfare ($)  (y) 
New York 188 109 

Philadelphia 271 122 
Washington 393 112 

Chicago 849 198 
Atlanta 937 124 
Miami 1259 162 
Dallas 1550 158 
Denver 1707 196 

Las Vegas 2371 188 
Seattle 2488 338 

Los Angeles 2596 298 
San Francisco 2696 298 

 
HOW THE PROGRAM WORKS 
 
As the screen at right indicates, there must be bivariate data in 
lists L1 and L2 prior to running the program.  If this is not the 
case and you press ENTER, the program will end.  
 
 
 
 
 
Once ENTER is pressed, the calculator draws a scatterplot of 
the data with list L1 as the explanatory (x) variable and list L2 
as the response (y) variable.  The LSRL is drawn in and r is 
calculated and displayed. 
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Now the calculator is in the mode in which a point may be 
added to the scatterplot.  To add a point, simply use the up, 
down, left, and right arrows on the keypad.  The first time an 
arrow is pressed a small cross will appear at the middle of the 
screen.  Simply manipulate this small cross by using the arrows 
into the position desired.  The picture at right shows a point on 
its way to its destination. 
 
Note:  If you run your cross over any points or parts of the line, it will “eat” them up 
(reminiscent of Pac-Man) and they will disappear from the screen.  This is not a problem since 
the points will reappear later in the program. 
 
Once the small cross is at the desired location, press ENTER 
and a small box will appear in the place of the cross.  The 
calculator calculates the LSRL and r for this data set with the 
new point included, draws the line, and displays r. 
 
 
 
 
At this point the left and right arrows can be used to toggle back and forth between the pictures 
of the original data set and the picture with the new point added.  The left arrow displays the 
original picture and the right arrow the new picture.  Press ENTER to end the program. 
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SCENARIO for program CHISQDIE 
 
Suppose a die is rolled 60 times and the distribution of numbers 1 through 6 is obtained.  Does 
the distribution obtained give any evidence to question whether or not the die is fair?  This 
program allows the user to create a hypothetical distribution of 60 dice rolls and see whether or 
not this distribution gives statistically significant evidence against the null hypothesis (the die is 
fair) and for the alternative hypothesis (the die is unfair). 
 

Before looking at the program, students could be asked to create three different distributions of 
60 dice rolls—one in which there would be little evidence against the die’s fairness, one in which 
the die’s fairness could be called into question, and one in which it is clear that the die is unfair.  
Each of these distributions can then be tested with the program to see if the p-value (a concept 
likely covered already in the course) for each distribution matches their intuition in creating their 
hypothetical distributions. 
 
HOW THE PROGRAM WORKS 
 
Run the program CHISQDIE and the screen at right appears.  
The initial settings are for a total of 60 dice rolls and for all 
numbers 1 through 6 to have the same total.  The value of the 
chi-square statistic of 0 and the p-value of 1 are from a goodness 
of fit test on this distribution.  They indicate we would always 
expect to obtain a distribution whose chi-square statistic is 
greater than or equal to 0 in 60 rolls—this is what the p-value 
tells us.  This is simply a starting point—the purpose of the 
program is to change this distribution and see what happens.                     
 
The question mark in the first picture under “NUMBER 
SELECTED” indicates that the program is waiting to be told 
what number to change.  To activate a number, simply press the 
button of the number you want on the keypad.  In the picture at 
right, the button for “1” was pressed.  To change 1’s total, press 
the up and down arrows on the keypad.  Here, the up arrow was 
used to get 1’s total to 15, and the program updates the chi-
square statistic and the p-value. 
 
The picture below left is the result of pressing the button for “2” and using the down arrow to get 
the total to 7.  The picture below right is the final result of manipulating all the numbers.  The p-
value of 0.206 shows this distribution does not give strong evidence the die is not fair. 
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The picture at right shows a distribution for which the p-value 
from the chi-square goodness of fit test would give strong 
evidence against the die’s fairness. 
 
 
 
 
 
 
When ENTER is pressed at any time during the running of the 
program, the menu at right appears.  Option 1 returns the totals to 
10 for each number 1 through 6.  Option 2 quits the program and 
will clear the screen and return the calculator to a Zoom Standard 
window. 
  
 
 
I have used this program with students before discussing the details of a chi-square goodness of 
fit test.  My students would know what a p-value is and have a sense of what it means in relation 
to the distribution they created.  After using the program we would talk about how the chi-square 
statistic is calculated. 
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SCENARIO for program CONFINTR 
 
A statistician wants to learn about a characteristic about a population.  This characteristic could 
be a categorical variable (e.g. marital status) or a quantitative variable (e.g. number of hours 
sleep last night).  Each characteristic could be summarized by a population parameter—the 
proportion of the population that is single (denoted as p) and the mean number of hours sleep last 
night for the population (denoted as µ) are numbers the statistician might like to know.  The 
population of interest, however, would likely be too large to gather information on each member 
individually, but the statistician still wants information about each of these parameters. 
  
The statistician would take a simple random sample from the population of interest and create a 
confidence interval that hopefully captures the value of the population parameter.  Statements 
such as “I’m 95% confident that the proportion of the population that is single is between 0.34 
and 0.42” or “I’m 95% confident that the mean number of hours sleep in the population last night 
is in the interval (6.58, 7.46)” could then be made.  The purpose of this program is to 
demonstrate the meaning of 95% confidence (or any level of confidence) for students. 
 
HOW THE PROGRAM WORKS 
  
This program makes a picture that can be found (or some variation of this picture can be found) 
in most introductory statistics textbooks.  Essentially, a confidence interval is created in full view 
of the sampling distribution of the statistic and it is determined whether or not the interval 
captures the population parameter that is at the center of this 
sampling distribution.  When you run the program CONFINTR, 
you are given the choice between using proportions or means.  
This choice does not affect the program too much—it simply 
determines which symbols (p or µ) will be used in the pictures.  
Some teachers introduce confidence intervals with proportions, 
others introduce them in the context of means—either scenario 
can be used in the program. 
 
Suppose 1:PROPORTIONS was chosen.  The next screen asks the user to input how many 
confidence intervals are to be simulated.  After this number of intervals is simulated, the user 
will have the chance to repeat the process or change the confidence levels.  Next, confidence 
levels must be input.  For every sample statistic generated by the calculator, two confidence 
intervals will be made with the confidence levels that are entered here.  Confidence levels must 
be entered as integers, not decimals. 
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Once the confidence levels are input, several things happen as pictured below right. 
 

 The calculator draws a curve that is meant to represent the sampling distribution of p̂  
which is centered at the population proportion p. 

 The little box represents one sample proportion selected 
from the sampling distribution. 

 Based on this p̂ , two confidence intervals are 
constructed at the levels that were input.  It can then be 
seen if our intervals capture the population proportion. 

 By repeatedly pressing ENTER, a new p̂  is chosen and 
new intervals are drawn.  This continues for however 
many intervals were input earlier. 

 
The pictures below show two other trials. 
 

      
 
If means are used instead of proportions, the program works exactly the same way except for a 
change in symbols.  It should be noted that the calculation of confidence intervals for means does 
not take into account the t distribution.  The program is only meant to illustrate the meaning and 
interpretation of a confidence interval, not necessarily the precise way to construct them.   
 
The main idea for students to visualize is one specific interval either captures the parameter or 
does not capture it.  “95% confidence” refers to the long run proportion of confidence intervals 
that would, in repeated sampling, capture the parameter. 
 
After the desired number of intervals is constructed, the picture 
at right appears.  REPEAT will carry out the same number of 
intervals, and Option 2 gives an opportunity to adjust the 
confidence levels.  Quitting the program will clear the screen and 
return the calculator to a Zoom Standard window. 
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SCENARIO for program RSQUARED 
 
When a least squares regression line (LSRL) is obtained for a set of bivariate data, there are two 
numbers that often accompany the equation for the LSRL.  These are r  and 2

r . 
 

r = the correlation coefficient and 2
r = the coefficient of determination 

 

Below is the definition of 2
r given in The Practice of Statistics (2e) by Yates, Moore, and 

Starnes on page 162. 
. 

The coefficient of determination is the fraction of the variation in the 
values of y that is explained by the least squares regression of y on x. 

 

This program gives a graphical illustration of what 2
r (or r-squared) represents and how it is 

calculated.   
 
The data used in the description of the program is given below.  The table gives the lowest round 
trip airfare available for flights leaving from Logan airport in Boston on January 5, 2000.  The 
data on the airfares was found in the Sunday Travel section of the Boston Globe.  (Inspired by 
data set used in Allan Rossman’s Workshop Statistics.) 
 

City Distance (miles)  (x) Airfare ($)  (y) 
New York 188 109 

Philadelphia 271 122 
Washington 393 112 

Chicago 849 198 
Atlanta 937 124 
Miami 1259 162 
Dallas 1550 158 
Denver 1707 196 

Las Vegas 2371 188 
Seattle 2488 338 

Los Angeles 2596 298 
San Francisco 2696 298 

 
HOW THE PROGRAM WORKS 
  
Before running the program RSQUARED, you must have bivariate 
data in lists L1 and L2—the data must be in those lists for the 
program to work.  Once the program begins, a scatterplot of the 
data is given as pictured at right with the explanatory variable 
(distance) on the x-axis and the response variable (airfare) on the y-
axis.  In this program, to continue to the next screen, press ENTER. 
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Next, a horizontal line is drawn on the screen.  The y-value of 
this line is the mean of the airfares, which is $191.92.  This can 
be thought of as the best guess for the airfare to a city if we did 
not know the distance to each city. 
 
 
 
 
 
The next two pictures deal with how far each city’s airfare is from the mean of $191.92.  The 
first picture draws in the vertical distances from each city’s airfare to the mean.  The number at 
the bottom of the second picture is the result of taking each vertical distance, squaring each 
distance, and summing these squares.  This number—68724.917, in this case—can be thought of 
as a measure of the total variation in the airfare without regard to distance. 
 

      
 
 
Next, the calculator draws in the least squares regression line for 
this data, which takes into account the fact there is a relationship 
between the distance to a city and the airfare to that destination. 
 
 
 
 
 
 
The two pictures below illustrate the differences between the airfare to a city and what the LSRL 
predicts for the airfare to that city.  The vertical distances drawn in are the residuals, and the 
number at the bottom of the second picture is the sum of the squared residuals.  This number—
16677.234, in this case—can be thought of as the unexplained variation in the airfare.  That is, 
the variation in airfare that the LSRL based on distance could not account for. 
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Once the final picture is displayed, the calculator enters a different mode.  In this mode the left 
and right arrows on the keypad can be used to toggle back and forth between the two pictures 
below—the left arrow gives the picture on the left and the right arrow gives the picture on the 
right.  Press ENTER to end the program. 
 

      
 
We now have two pieces of information: 
 

Total Variation in airfare = 68724.917 
Unexplained Variation in airfare = 16677.234 

 
How much of the variation in airfare does the LSRL on distance explain? 
 

 Explained Variation = Total Variation – Unexplained Variation 
      = 68724.917 – 16677.234  
      = 52047.683 

 
The number 52047.683 does not have much meaning by itself.  But, if we think about this 
number as the fraction of the total variation explained, then we have r-squared! 

 

7573335156.
917.68724

683.52047

917.68724

234.16677917.687242
==

!
=r  

 
Thus, we can say about 76% of the variation in airfares can be explained by the least squares 
regression of airfare on distance. 

 
Compare our value of r-squared to the one that the calculator gives when calculating the LSRL.  
Pretty close! 
 

 
 

This program can be used to illustrate the r-squared calculation with  
any bivariate data set that is stored in lists L1 and L2.



SAMPLING 

John Lieb – July 2006 
 

11 

SCENARIO for program SAMPLING 
 
This program simulates sampling from a population in which each member of the population is 
defined as either a success or a failure.  To simulate sampling, the user must input the probability 
that a selected member of this population will be a success.  For whatever probability of success 
is input, the calculator uses this probability in determining whether each member sampled is a 
success or failure.  Thus the sampling here can be thought of in three different ways. 
 

 The population is not a group, but rather a process that generates independent 
observations with the same probability of a success.  For example, rolling a die 25 times 
and counting the number of 6’s obtained. 

 The population is a group, but sampling is done with replacement, so that selections are 
independent and the probability of a success for later observations does not depend on 
what happened on earlier selections. 

 The population is a group, sampling is done without replacement, and the population is so 
large in relation to the sample that prior selections (successes on the first five selections, 
for example) would not markedly affect the probability of a success for later 
observations. 

 
The purpose of the program is to illustrate sampling variability.  If samples of size 25 are 
selected from a population with a probability of success of 0.6, the number of successes obtained 
in these samples will vary and this can be illustrated with this program. 
 
HOW THE PROGRAM WORKS 
  
Run the program SAMPLING and the screen at right appears.  
The user must input the sample size and the probability of a 
success for this population.   
 
 
 
 
 
Once these numbers are input, a screen showing the population and sample as pictured below left 
should appear.  Press ENTER and sampling begins, with success and failures falling out of the 
population and into the sample and being kept track of on the scoreboard.  Once the sample size 
is reached, the initial values that are input are also displayed. 
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Press ENTER and the screen of options at right appears.    


