PAGE  
5.28

Data step
OSU Enrollment data set (osu_enroll_data_step.sas)

1) Creating a permanent SAS data set

a) SAS data sets are stored in libraries; “work” is one particular library we have seen before.
b) To create your own library, use the LIBNAME statement.
i) Example: 

*Create a library;
libname chris 'C:\Chris\OSU\STAT4091\Section5-
               data step functions';

c) To create a permanent SAS data set, use a DATA STEP with the library name and a period at the beginning of the new data sets name.  

i) Example: 

*Imports the Excel file;
PROC IMPORT OUT= WORK.enroll DATAFILE= 
             "C:\Chris\OSU\STAT4091\Section3-

              graphing\enroll_pbir.xls" 

            DBMS=EXCEL2000 REPLACE;

     GETNAMES=YES;

RUN;

*Save data set as a permanent sas data set;
data chris.enroll;

  set enroll;

run;

d) Another way (with less code) would be: 

PROC IMPORT OUT=chris.enroll DATAFILE= 
             "C:\Chris\OSU\STAT4091\Section3-

              graphing\enroll_pbir.xls" 

            DBMS=EXCEL2000 REPLACE;

     GETNAMES=YES;

RUN;

e) Since this data set is not in the work library, it is permanent!  
f) The library name “chris” just acts like a folder location on the hard drive.  

g) You can view the contents of the library just like you would with the WORK library – browse to it in the EXPLORER window: 
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h) SAS often refers to data sets in the work library with WORK.____ .  

i) Notice the first PROC IMPORT code! 

ii) Remember this code was written by SAS in Section 3.

i) Libraries can also be created using the GUI while the EXPLORER window is highlighted

i) Select FILE > NEW.

ii) Give a name and BROWSE to a folder to store it in.

iii) Select OK to create it.
j) Suppose a data set is already in the chris library and you would like it to be in the work library.  How could you do this? 

data set1;

  set chris.enroll;

run;

i) In many settings (including tests!), someone will give you a permanent SAS data set. 

ii) You will need to read it into SAS.
iii) The above example shows how to do this! 

iv) Of course, this example is unrealistic since the data set already exists in the work library as enroll.  

k) What does the chris library look like on my computer? 
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i) The enroll.sas7bdat is the permanent SAS data set.  

ii) The .sas7bdat extension means it is a SAS version 7B data file.  

iii) SAS last changed their data set file types in version 7B.   

l) What does the work library look like on my computer? 
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i) The folder location on your computer will most likely be at least a little bit different.  

ii) Do a file search for enroll.sas7bdat to find the folder. 
2) Create a variable with the observation number in it.  

a) Use a DATA STEP with something like: new_var = _n_;

b) The _n_ is a SAS name denoting the observation number.   

data set_obsnumb;

  set enroll;

  obs = _n_;

run;

[image: image5.jpg]=Dl
el meer | date & 8





c) In this particular case, obs is equal to t.  

3) IF-THEN statements

a) If a condition is true then do something; if the condition is not true, do something else

b) One example where this is useful is creating binary variables to represent qualitative (categorical) variables in a regression model. 

i) From STAT 4043 or STAT 3013: For a c-level categorical variable, c-1 binary variables are needed to uniquely represent each level.  

ii) Semester = fall, spring, and summer

iii) Create two binary variables for it:

	Semester
	X1
	X2

	Fall
	1
	0

	Spring
	0
	1

	Summer
	0
	0


iv) Consider the regression model 

E(Y) = (0 + (1t + (2X1 + (3X2

where Y=enrollment and t= time
1. The purpose of this model is to predict the OSU enrollment given time and the semester.  

2. If semester = fall then E(Y) = (0 + (1t + (2
If semester = spring then E(Y) = (0 + (1t + (3
if semester = summer then E(Y) = (0 + (1t 

3. Note that this is not the best model to use!  It does not take into account the DEPENDENT error terms!  

c) Below is the DATA STEP used to create X1 and X2: 

data enroll2;

  set enroll;

  if semester = 'Fall' then x1 = 1;

     else x1 = 0;

  if semester = 'Spring' then x2 = 1;

     else x2 = 0;

run;
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d) The code to find the regression model and its corresponding output: 
title2 'Regression model incorporating time and 
        semester';

proc reg data=enroll2;

  model enrollment = t x1 x2;

      run;
                    Chris Bilder, STAT 4091                         5

             Regression model incorporating time and semester

                             The REG Procedure

                               Model: MODEL1

                 Dependent Variable: Enrollment Enrollment

                           Analysis of Variance

                                   Sum of          Mean

 Source                  DF       Squares        Square   F Value   Pr > F

 Model                    3    1176132627     392044209    942.68   <.0001

 Error                   32      13308259        415883

 Corrected Total         35    1189440885

           Root MSE            644.88998    R-Square     0.9888

           Dependent Mean          15118    Adj R-Sq     0.9878

           Coeff Var             4.26579

                            Parameter Estimates

                                Parameter     Standard

  Variable    Label       DF     Estimate        Error  t Value  Pr > |t|

  Intercept   Intercept    1   6497.37879    274.98201    23.63    <.0001

  t           t            1     29.58741     10.37853     2.85    0.0076

  x1                       1        12710    264.09222    48.13    <.0001

  x2                       1        11509    263.47972    43.68    <.0001
i) What is the estimated regression model for E(Y) = (0 + (1t + (2X1 + (3X2?   

ii) How would you forecast a future semester’s enrollment? 

e) Removing particular observations from a data set is another commonly used example.
i) The syntax: IF semester = ‘Fall’ THEN delete

4) OUTPUT statement - Used to put data into a data set

a) Two examples for creating separate data sets with each semester’s enrollment

b) Example #1 - Creates three new data sets with a particular semester’s enrollment:  

*Create three data sets - one for each semester;
data summer_set fall_set spring_set;

  set enroll;

  if semester='Summer' then output summer_set;

  if semester='Fall' then output fall_set;

  if semester='Spring' then output spring_set;
run;

c) Example #2 - Creates three new data sets again, but does a set of statements for each before the data is put into a new data set: 

data summer_set2 fall_set2 spring_set2;

  set enroll;

  if semester='Summer' then do;

     summer = enrollment;


  keep summer year;

     output summer_set2;


 end; 

  if semester='Fall' then do;

    fall = enrollment;


 keep fall year;

    output fall_set2;


end; 

 if semester='Spring' then do;

    spring = enrollment;


 keep spring year;

    output spring_set2;


end; 

run;

i) These new data sets have extra variables created that should not be there.
5) MERGE statement

a) Two examples are given in the program which produce the same results.  
b) The ultimate goal is to get a data set which looks like: 
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c) Need to specify what to merge by – year

d) If you do not specify, SAS will try to put the columns side-by-side

i) Sometimes this works like you want it to, but you need to be very careful with it.
e) Example #1: Each data set has a variable called enrollment.  This needs to be changed to a unique name for each of the three semester enrollment data sets before the merge (otherwise, only the last data set’s merge will remain – try it). 
*Method #1 - rename the enrollment variable in each data set;
data summer_set3;

  set summer_set;

  rename enrollment=summer; 
  drop t date semester;
  *Could also do the following:

  *  summer = enrollment;
  *  keep summer year;
run;

data spring_set3;

  set spring_set;

  spring = enrollment;

  keep spring year;

run;

data fall_set3;

  set fall_set;

  fall = enrollment;

  keep fall year;

run;

data enroll2;

  merge summer_set3 spring_set3 fall_set3;

  by year;

run;

f) Example #2: The renaming and dropping of variables is done within the merge data step.
*Merge the data sets together by year and rename the 
  enrollment variable;
data enroll2;

  merge summer_set(rename=(enrollment=summer) drop=t 
                   date semester) 

        fall_set(rename=(enrollment=fall) drop=t date 
                 semester) 

        spring_set(rename=(enrollment=spring) drop=t 
                   date semester);

  by year;

run;  

i) The ( ) parts after the data set names are called DATA STEP OPTIONS.  

ii) Another example of using these is given later in general_func.sas.  

iii) See www.okstate.edu/sas/v8/sashtml/lgref/z0201788.htm in the SAS help for more information.  

General functions (general_func.sas)

1) General data set functions

a) Alphabetical order: www.okstate.edu/sas/v8/sashtml/lgref/z0245852.htm 
b) By category: www.okstate.edu/sas/v8/sashtml/lgref/z0245860.htm 
2) Time and date
a) The TIME function finds the time written as one number (may not make sense by itself).

b) The HOUR, MINUTE, and SECOND functions pull their corresponding values out of the TIME() value.    

c) The TODAY function finds the number of days since January 1, 1960.  

d) The MONTH, DAY, and YEAR functions pull their corresponding values out of the TODAY() value.  

e) Code and output: 

data time;

  time_func = time();

  time = hour(time());

  minute = minute(time());

  second = second(time());

  month = month(today());

  day = day(today());

  year = year(today());

run;

title2 'The time is:';

proc print data=time;

run;

                              The time is:

            time_

   Obs      func      time    minute     second    month    day    year

1     73209.35     20       20      9.37200      12      23    2002
3) Summary functions

a) Max and sum (many others are available)
b) Notice the use of “OF” in the code.
c) Code and output: 

data set1;

  input x1 x2 x3;

  datalines;

  1 2 3

  4 5 6

  ;

run;

data set2;

  set set1;

  sum1 = sum(x1, x2, x3);

  sum2 = sum(of x1-x3);

  max1 = max(x1, x2, x3);

  max2 = max(of x1-x3);

run;

title2 'Illustrate the sum and max functions';

proc print data=set2;

run;
             Illustrate the sum and max functions

           Obs    x1    x2    x3    sum1    sum2    max1    max2

            1      1     2     3      6       6       3       3

         2      4     5     6     15      15       6       6
4) Percentiles (or quantiles) of probability distributions
a) Some of the distributions: Standard normal, t, F, and (2
b) Need to give the area to the left of the percentile of interest!  
c) Example: Let Z be a standard normal random variable.  Then P(Z>1.96)=0.025 and P(Z<1.96)=0.975.
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d) Below is some code and output illustrating how to find percentiles (or quantiles).  

i) Notice 1-alpha is used in the call to the functions since alpha is usually used to denote the area to the RIGHT of the percentile of interest.  

ii) BE CAREFUL!!!  

data set1;

  input alpha df1 df2;

  norm = probit(1-alpha);

  t = tinv(1-alpha, df1);

  chisq = cinv(1-alpha, df1);

  f = finv(1-alpha, df1, df2);

  datalines;

  0.01  5 5 

  0.025 5 5

  0.05  5 5

  0.10  5 5

  ;

run;

title2 'Percentiles from probability 
        distributions';

proc print data=set1;
run;

               Percentiles from probability distributions

  Obs    alpha    df1    df2      norm        t        chisq        f

   1     0.010     5      5     2.32635    3.36493    15.0863    10.9670

   2     0.025     5      5     1.95996    2.57058    12.8325     7.1464

   3     0.050     5      5     1.64485    2.01505    11.0705     5.0503

   4     0.100     5      5     1.28155    1.47588     9.2364     3.4530
iii) Let Z be a standard normal random variable.  Then P(Z<2.32635) = 0.99 and P(Z>2.32635) = 0.01.
1. See   www.okstate.edu/sas/v8/sashtml/lgref/z0245933.htm for help.   
iv) Let t be a random variable from a t-distribution with 5 degrees of freedom.  Then P(t<3.36493) = 0.99 and P(t>3.36493) = 0.01.  

v) Let X be a random variable from a (2 distribution with 5 degrees of freedom.  Then P(X<15.0863) = 0.99 and P(X>15.0863) = 0.01.  

vi) Let F be a random variable from a F-distribution with 5 numerator and 5 denominator degrees of freedom.  Then P(F<10.9670) = 0.99 and P(F>10.9670) = 0.01

e) What would the percentiles be if instead of 1-alpha, you just used alpha?  Find on your own!   

i) Normal: 

ii) T:

iii) Chi-square:

iv) F:

5) Probabilities from probability distributions

a) For example, what is P(Z>1.96) = ?

b) Useful for finding p-values

i) Example: Let t be a random variable from a t-distribution and let t* denote the test statistic,
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ii) One often will find P(t > |t*|) = ___.

c) Some of the distributions: Standard normal, t, F, (2 

i) Each function has as an argument the area to the LEFT of the quantile of interest.

ii) Below is some example code and output which corresponds to the last SAS example!

data set1;

  input norm t chisq f df1 df2;

  pnorm = probnorm(norm);

  tprob = probt(t, df1);

  chisqprob = probchi(chisq, df1);

  fprob = probf(f, df1, df2);

  *Note: cdf('dist',quantile,parm-1,...,parm-
         k) also works;
  pnorm2 = cdf('normal', norm);

  datalines;

  2.32635 3.36493 15.0863 10.9670 5 5 

  1.95996 2.57058 12.8325 7.1464 5 5

  1.64485 2.01505 11.0705 5.0503 5 5

  1.28155 1.47588  9.2364 3.4530 5 5

  ;

run;

title2 'Probabilities from probability 
        distributions';

proc print data=set1;

run;

             Probabilities from probability distributions

 Obs      norm        t        chisq        f       df1    df2     pnorm

  1     2.32635    3.36493    15.0863    10.9670     5      5     0.99000

  2     1.95996    2.57058    12.8325     7.1464     5      5     0.97500

  3     1.64485    2.01505    11.0705     5.0503     5      5     0.95000

  4     1.28155    1.47588     9.2364     3.4530     5      5     0.90000

 Obs     tprob     chisqprob     fprob      pnorm2

  1     0.99000     0.99000     0.99000    0.99000

  2     0.97500     0.97500     0.97500    0.97500

  3     0.95000     0.95000     0.95000    0.95000

  4     0.90000     0.90000     0.90000    0.90000

iii) See www.okstate.edu/sas/v8/sashtml/lgref/z0245935.htm for help with PROBNORM.  

d) Section 4 example with cereal_more_summary.sas:

i) Performed a t-test for Ho:(sugar=0 vs. Ha:(sugar(0.

ii) From the PROC TTEST output: df=39, test statistic=12.24, p-value<0.0001
iii) Below is the code to find the p-value using a DATA STEP
.  
1. Remember the p-value for a two-tail test is  2(P(t > |test statistic|) where t is a random variable from a t-distribution with 39 degrees of freedom
data sugar_p;

  input t df;

  tprob = 2*(1-probt(abs(t), df));

  datalines;

  12.24 39

  ;

run;

title2 'The p-value is:';

proc print data=sugar_p;
run;

                             The p-value is:

                     Obs      t      df       tprob

               1     12.24    39    6.2172E-15
iv) It probably would be better to do a one-tail test since ( can not be less than 0 here! 
e) For homework, make sure you can find the other p-values for hypothesis tests discussed in Section 4 and the chi-square test for independence discussed in Section 3.  
6) Generating observations (random numbers) from a probability distribution

a) SAS can “simulate” observing a value of a random variable from a probability distribution! 

b) Seed number – gives SAS a “starting” spot in the generating of observations 
i) Allows you to reproduce the same set of generated observations if you were to run the code again; I usually will do this.
ii) If a seed of 0 is given, SAS chooses one for you based upon the date and time; this set of observations will not be reproducible.  
iii) See www.okstate.edu/sas/v8/sashtml/lgref/z1281561.htm for more on seed values
Random-number functions … generate streams of random numbers from an initial starting point, called a seed, that either the user or the computer clock supplies. A seed must be a nonnegative integer with a value less than 231-1 (or 2,147,483,647). If you use a positive seed, you can always replicate the stream of random numbers by using the same DATA step. If you use zero as the seed, the computer clock initializes the stream, and the stream of random numbers is not replicable. 

c) Standard normal: 

i) 3 functions
1. NORMAL(seed) with help at www.okstate.edu/sas/v8/sashtml/lgref/z0245921.htm 

2. RANNOR(seed)
3. RAND ('normal')

(a) Specify a seed by running the following code before the RAND() function: 

CALL STREAMINIT(seed);
ii) To generate from a normal distribution with ((0 and/or ((1, use: ________________

d) The RAND() function is the most flexible since it incorporates many different distributions.  

i) From the SAS help (not web help):   

	Distribution
	Argument

	Bernoulli
	'BERNOULLI'

	Beta
	'BETA'

	Binomial
	'BINOMIAL'

	Cauchy
	'CAUCHY'

	Chi-square
	'CHISQUARE'

	Erlang
	'ERLANG'

	Exponential
	'EXPONENTIAL'

	F
	'F'

	Gamma
	'GAMMA'

	Geometric
	'GEOMETRIC'

	Hypergeometric
	'HYPERGEOMETRIC'

	Lognormal
	'LOGNORMAL'

	Negative binomial
	'NEGBINOMIAL'

	Normal
	'NORMAL'|

'GAUSSIAN'

	Poisson
	'POISSON'

	T
	'T'

	Tabled
	'TABLE'

	Triangular
	'TRIANGLE'

	Uniform
	'UNIFORM'

	Weibull
	'WEIBULL'


ii) I can not find web help for this function.  

e) CALL routines 
can also be used to generate observations; see www.okstate.edu/sas/v8/sashtml/lgref/z1281561.htm for differences between this and what we have been doing.
i) For standard normal, CALL RANNOR(seed,x)

f) Example code and output: 

*Simulate from a standard normal;
data normal1;

  *Let SAS choose the seed;
  norm = normal(0);

run;

data normal2;

  *I choose the seed;
  norm2 = rannor(4519);

run;

data normal3;

  CALL STREAMINIT(4519); 

  norm3 = rand('NORMAL'); 

run;

title2 'Simulated value from a normal 
        distribution - 1';

proc print data=normal1;

run;

title2 'Simulated value from a normal    

        distribution - 2';

proc print data=normal2;

run;

title2 'Simulated value from a normal 
        distribution - 3';

proc print data=normal3;

run;

                Simulated value from a normal distribution - 1
                              Obs      norm

                               1     0.25296

                Simulated value from a normal distribution - 2
                              Obs     norm2

                               1     0.28164

                Simulated value from a normal distribution - 3
                              Obs      norm3

                            1     -0.21630
i) Which values will change if I were to run this code again? 

ii) See the SAS help for how to generate observations from other probability distributions!

g) To generate more than one observation at a time, use a DO loop! 
7) DO loops

a) Below is example code and some of its output: 

*Simulate from a standard normal;
data normal;

  do i = 1 to 1000;

    norm = normal(0);


   output;

  end; 

run;

title2 'First 10 simulated values from a normal 
        distribution';

proc print data=normal;

  where i<=10;

run;

title2 'Histogram of data simulated from a normal 
        with mu=0 and sigma=1';

proc univariate data=normal;

  var norm;

  histogram / normal(fill mu=0 sigma=1) 
              cfill=yellow lgrid=34 midpoints=-5 
              to 5 by 0.5 ;

run;

              First 10 simulated values from a normal distribution

                           Obs     i      norm

                             1     1     1.31366

                             2     2     0.23193

                             3     3    -0.05964

                             4     4    -1.07850

                             5     5    -0.63387

                             6     6    -0.65456

                             7     7     0.93138

                             8     8    -0.90355

                             9     9     1.77232

                        10    10    -1.49822 
        Histogram of data simulated from a normal with mu=0 and sigma=1

                         The UNIVARIATE Procedure

                              Variable:  norm

                                  Moments

      N                        1000    Sum Weights               1000

      Mean               -0.0135385    Sum Observations    -13.538524

      Std Deviation      1.02578914    Variance            1.05224335

      Skewness           0.03031556    Kurtosis            0.21145477

      Uncorrected SS      1051.3744    Corrected SS        1051.19111

      Coeff Variation    -7576.8165    Std Error Mean       0.0324383

                        Basic Statistical Measures

              Location                    Variability

          Mean     -0.01354     Std Deviation            1.02579

          Median   -0.02841     Variance                 1.05224

          Mode       .          Range                    6.49438

                                Interquartile Range      1.33354

                        Tests for Location: Mu0=0

             Test           -Statistic-    -----p Value------

             Student's t    t  -0.41736    Pr > |t|    0.6765

             Sign           M       -14    Pr >= |M|   0.3932

             Signed Rank    S     -4900    Pr >= |S|   0.5920

                         Quantiles (Definition 5)

                         Quantile        Estimate

                         100% Max       3.1375296

                         99%            2.5275415

                         95%            1.7073492

                         90%            1.3345224

                         75% Q3         0.6473867

                         50% Median    -0.0284135

                         25% Q1        -0.6861496

                         10%           -1.2669827

                         5%            -1.6684641

                         1%            -2.5527190

                         0% Min        -3.3568485
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b) Notes: 

i) PROC UNIVARIATE was used to overlay a normal distribution with (=0 and (=1 on the histogram. 
ii) Look at the mean, standard deviation, and percentiles and compare them with what you would expect for a standard normal distribution!

c) A uniform(0,1) example is also given in the program; below is what the true distribution looks like for uniform(a,b); See Chapter 6 of my STAT 2023 notes (statistics.okstate.edu/stat2023/schedule.htm) for more information on it:  

Let X have an uniform probability distribution.  The probability distribution for X can be represented by 
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8) Making sounds

a) Basic example:

data _null_;

   *sound(frequency, duration in milliseconds);  

   call sound(523,2000);

run;

b) See christmas_tune.sas for a much more complicated example.  
c) Thought: Let the frequency or duration be a value from an observation generated from a probability distribution.  Loop over i=1 to 1000 of these generated observations.  Do different probability distributions have distinct sounds from other probability distributions???  

9) Send e-mail

a) www.okstate.edu/sas/v8/sashtml/win/zasemail.htm#z0535037
b) Basic example: 
filename message email 'bilder@okstate.edu'
  subject='Hello STAT 4091 students';

data _null_;

  file message;

  put 'The final exam is schedule for ...';

  put '       ';

  put 'Go Big Red!';
run;

c) Can also attach files, send to multiple addresses,… 

Questions:

1. Why is it desirable to create permanent SAS data sets? 

2. 
 
How can a table of random numbers be created?  
3. How can a standard normal probability distribution table be created?
4. Why would someone want to generate observations from a probability distribution?  
�Y_hat = 6497.38 + 29.59t + 12710X1 + 11509X2


�6.2172E-15


�Can not figure out why happening


�mu + sigma*Z since Z = (X-mu)/sigma provides a standard normal random variable


�Each random-number function and CALL routine generates pseudo-random numbers from a specific statistical distribution. Every random-number function requires a seed value expressed as an integer constant or a variable that contains the integer constant. Every CALL routine calls a variable that contains the seed value. Additionally, every CALL routine requires a variable that contains the generated random numbers.


�Will not be erased since not in SAS WORK library; May do many manipulations with a data set and just want to keep a copy of it without having to re-run code; work with the data set on another computer


�19042





( 2003 Christopher R. Bilder

_1052724918.xls
Chart1

		-4

		-3.9

		-3.8

		-3.7

		-3.6

		-3.5

		-3.4

		-3.3

		-3.2

		-3.1

		-3

		-2.9

		-2.8

		-2.7

		-2.6

		-2.5

		-2.4

		-2.3

		-2.2

		-2.1

		-2

		-1.9

		-1.8

		-1.7

		-1.6

		-1.5

		-1.4

		-1.3

		-1.2

		-1.1

		-1

		-0.9

		-0.8

		-0.7

		-0.6

		-0.5

		-0.4

		-0.3

		-0.2

		-0.1

		0

		0.1

		0.2

		0.3

		0.4

		0.5

		0.6

		0.7

		0.8

		0.9

		1

		1.1

		1.2

		1.3

		1.4

		1.5

		1.6

		1.7

		1.8

		1.9

		2

		2.1

		2.2

		2.3

		2.4

		2.5

		2.6

		2.7

		2.8

		2.9

		3

		3.1

		3.2

		3.3

		3.4

		3.5

		3.6

		3.7

		3.8

		3.9

		4

		4.1

		4.2

		4.3

		4.4

		4.5

		4.6

		4.7

		4.8

		4.9

		5

		5.1

		5.2

		5.3

		5.4

		5.5

		5.6

		5.7

		5.8

		5.9

		6

		6.1

		6.2

		6.3

		6.4

		6.5

		6.6

		6.7

		6.8

		6.9

		7

		7.1

		7.2

		7.3

		7.4

		7.5

		7.6

		7.7

		7.8

		7.9

		8

		8.1

		8.2

		8.3

		8.4

		8.5

		8.6

		8.7

		8.8

		8.9

		9

		9.1

		9.2

		9.3

		9.4

		9.5

		9.6

		9.7

		9.8

		9.9

		10

		10.1

		10.2

		10.3

		10.4

		10.5

		10.6

		10.7

		10.8

		10.9

		11

		11.1

		11.2

		11.3

		11.4

		11.5

		11.6

		11.7

		11.8

		11.9

		12

		12.1

		12.2

		12.3

		12.4

		12.5

		12.6

		12.7

		12.8

		12.9

		13

		13.1

		13.2

		13.3

		13.4

		13.5

		13.6

		13.7

		13.8

		13.9

		14

		14.1

		14.2

		14.3

		14.4

		14.5

		14.6

		14.7

		14.8

		14.9

		15

		15.1

		15.2

		15.3

		15.4

		15.5

		15.6

		15.7

		15.8

		15.9

		16



0

|t*|

f(x)

t

Probability

T Distribution

0.0001338302

0.0001986555

0.0002919469

0.0004247803

0.0006119019

0.0008726827

0.0012322192

0.0017225689

0.0023840882

0.0032668191

0.0044318484

0.0059525324

0.0079154516

0.0104209348

0.0135829692

0.0175283005

0.0223945303

0.0283270377

0.0354745928

0.043983596

0.0539909665

0.0656158148

0.0789501583

0.0940490774

0.1109208347

0.1295175957

0.1497274656

0.171368592

0.194186055

0.217852177

0.2419707245

0.2660852499

0.2896915528

0.3122539334

0.3332246029

0.3520653268

0.3682701403

0.3813878155

0.391042694

0.3969525475

0.3989422804

0.3969525475

0.391042694

0.3813878155

0.3682701403

0.3520653268

0.3332246029

0.3122539334

0.2896915528

0.2660852499

0.2419707245

0.217852177

0.194186055

0.171368592

0.1497274656

0.1295175957

0.1109208347

0.0940490774

0.0789501583

0.0656158148

0.0539909665

0.043983596

0.0354745928

0.0283270377

0.0223945303

0.0175283005

0.0135829692

0.0104209348

0.0079154516

0.0059525324

0.0044318484

0.0032668191

0.0023840882

0.0017225689

0.0012322192

0.0008726827

0.0006119019

0.0004247803

0.0002919469

0.0001986555

0.0001338302

0.0000892617

0.0000589431

0.0000385352

0.0000249425

0.0000159837

0.0000101409

0.0000063698

0.0000039613

0.000002439

0.0000014867

0.0000008972

0.0000005361

0.0000003171

0.0000001857

0.0000001077

0.0000000618

0.0000000351

0.0000000198

0.000000011

0.0000000061

0.0000000033

0.0000000018

0.000000001

0.0000000005

0.0000000003

0.0000000001

0.0000000001

0

0

0

0

0

0

0

0

0

0

0

0

0

0

9.99837874849796E-16

4.38163943550973E-16

1.90108153790813E-16

8.1662356316703E-17

3.47296274856653E-17

1.46229635750079E-17

6.09575812956307E-18

2.51580577695169E-18

1.02797735716701E-18

4.15859897911563E-19

1.66558803238012E-19

6.60457986074015E-20

2.59286470110072E-20

1.00779353943014E-20

3.87811193174748E-21

1.47749549270447E-21

5.5730000227216E-22

2.08117682020315E-22

7.69459862670762E-23

2.8165665442767E-23

1.02073055943078E-23

3.66234516855605E-24

1.30096161992415E-24

4.57537559052165E-25

1.59311113270127E-25

5.49189783181887E-26

1.8743724023422E-26

6.33353782183196E-27

2.11881925350981E-27

7.01775994266285E-28

2.30123070884866E-28

7.47100227588528E-29

2.40134540000912E-29

7.64165541158905E-30

2.40756113183992E-30

7.50972877249845E-31

2.31914677725674E-31

7.09070266843007E-32

2.14638373566367E-32

6.43254033463758E-33

1.90859913463736E-33

5.60665692630558E-34

1.63061073484015E-34

4.69519535797661E-35

1.33848679925471E-35

3.77773572115035E-36

1.05561635024563E-36

2.92036879386913E-37

7.99882775700954E-38

2.1690624002614E-38

5.82337559973864E-39

1.54787046629678E-39

4.07334767752941E-40

1.06126881391562E-40

2.73751419235636E-41

6.99108224970927E-42

1.76762241025425E-42

4.42477958331799E-43

1.09660655938944E-43

2.69071123564357E-44

6.53642677532144E-45

1.57206595860645E-45

3.74333057988676E-46

8.82475497459896E-47

2.0597010224099E-47

4.75951575302287E-48

1.08887595532826E-48

2.46632952588181E-49

5.53070954984725E-50

1.22791316722761E-50

2.69905364438971E-51

5.87370906628051E-52

1.26552404660545E-52

2.69951302459008E-53

5.70108489094445E-54

1.1920285127798E-54

2.46758905156703E-55

5.05726930437837E-56

1.02616307279252E-56



normal_dist2

		Normal Probability Distribution Spreadsheet																										Calculations for graph

								mu		sigma																X		f(x)				X is a data value

								0		1																-4		0.0001338302				f(x) is the Normal probability distribution value evaluated at X, mu, and sigma

																										-3.9		0.0001986555

																										-3.8		0.0002919469

																										-3.7		0.0004247803

																										-3.6		0.0006119019

																										-3.5		0.0008726827

																						0				-3.4		0.0012322192

																										-3.3		0.0017225689

																										-3.2		0.0023840882

																										-3.1		0.0032668191

																										-3		0.0044318484

																										-2.9		0.0059525324

																										-2.8		0.0079154516
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																										-2.6		0.0135829692

																										-2.5		0.0175283005

																										-2.4		0.0223945303

																										-2.3		0.0283270377

																										-2.2		0.0354745928

																										-2.1		0.043983596

																										-2		0.0539909665

																										-1.9		0.0656158148

		NORMDIST(x,mean,standard_dev,cumulative)																								-1.8		0.0789501583

		Example:		NORMDIST(2,1,1,True)																						-1.7		0.0940490774

				0.8413447402																						-1.6		0.1109208347

																										-1.5		0.1295175957

		Example:		NORMDIST(2,1,1,False)																						-1.4		0.1497274656

				0.2419707245																						-1.3		0.171368592

																										-1.2		0.194186055

		When cumulative=True, returns probabilities to the left - P(X<2)=0.841345																								-1.1		0.217852177

		When cumulative=False, returns value for the equation of f(x) - f(X=2)=0.241971																								-1		0.2419707245

																										-0.9		0.2660852499

																										-0.8		0.2896915528

																										-0.7		0.3122539334

		NORMINV(probability,mean,standard_dev)																								-0.6		0.3332246029

		Example:		NORMINV(0.841345, 1, 1)																						-0.5		0.3520653268

				2.0000007933																						-0.4		0.3682701403

																										-0.3		0.3813878155

		Given a probability, fills in the blank to P(X<_)=probability (with mu=  and sigma=  )																								-0.2		0.391042694

		- P(X<2.000001)=0.841345																								-0.1		0.3969525475
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																										14		1.09660655938944E-43
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																										14.6		2.0597010224099E-47
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																										14.8		1.08887595532826E-48

																										14.9		2.46632952588181E-49

																										15		5.53070954984725E-50

																										15.1		1.22791316722761E-50

																										15.2		2.69905364438971E-51

																										15.3		5.87370906628051E-52

																										15.4		1.26552404660545E-52

																										15.5		2.69951302459008E-53

																										15.6		5.70108489094445E-54

																										15.7		1.1920285127798E-54

																										15.8		2.46758905156703E-55

																										15.9		5.05726930437837E-56

																										16		1.02616307279252E-56
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