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See the videotutorials on this exercise.
Chi2 analysis is used for categorical (count) data to compare expected frequencies to observed frequencies. It can be used to test:

1. Independence (if any) between variables 

2. Whether various subgroups are homogeneous --use difference between observed rather than O-E 

3. Whether there is a significant difference in proportions in the subclasses among subgroups.

Limitations are: 

Chi2 is an approximation of a continuous distribution--It’s no good for "small"  frequencies, e.g. if expected < 1, or more than 20% of values <5 

Our most typical use will be to determine if two dimensions of classification are independent.

 For example, is smoking behavior independent of gender for highschool students represented by the YRBSS sample? 

The null hypothesis is that gender and smoking are independent, thus we would expect to see the same ratio of smokers to nonsmokers in both gender samples. 
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The prediction, then, is that the count of female smokers would be the grand total of individuals in the study times the joint probability of being both female and a smoker. 

The probability of being a female is the overall number of females divided by the total number of people in the sample.  The probability of being a smoker is the total number of smokers divided by the number of people in the study. If smoking and gender are independent, the expected probability of female smokers is simply the product of  P(female) X P(smoker). 

Chi2 analysis requires calculation of the expected numbers in each category, followed by a comparison with what was actually observed. We do this by calculating an observed - expected component for each cell in the cross-categorization. The Chi2 value is the total of all these values for all cells in the contingency table. 

The shape of the Chi2 distribution depends on the degrees of freedom, which is calculated as number of rows-1 times Number of columns -1. 
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d.f.= (R-1)*(C-1)

Since there is some "random" variation, the Chi2 would give an expected distribution of values if the null hypothesis is true. from the shape of the curve and the size of the observed value, we can calculate a probability of obtaining a value that far out if the null hypothesis is correct. If this Pvalue is sufficiently small, we conclude that our assumed independence is probably not true, and we would reject that assumption and conclude with some confidence 1-P that the categories are not independent. 

EXCEL does have a function for calculating the Chi2 statistic, but it uses a table of observed values and a table of expected values for input.  Usually the table of expected values must be calculated, so to be most efficient, we will design a table with flexible formulas so it can readily be expanded or contracted to any dimensions.

An example is the crosstabulation of gender (Q2) and smoking (Q34) from the YRBS 2003

The formulas are designed so that they can be entered once, then copied down or across to give the right result in all cells. Formulas entered are shown in the shaded cells.  The first table shows actual, or observed, counts. The table of percents is designed to calculate as percent of column totals. In some cases, it would be better to calculate as percent of column totals. The table of expected values is calculated assuming that gender and smoking are independent (Ho:) In that case, the ratio of smokers to nonsmokers should be the same regardless of gender. The probability of being both female and a smoker would be the product of P(female) X P(smoke).  The Chi2 Statistic is calculated  by comparing observed to expected for each combination in the table. The Chi2 statistic is the sum over all cells in the table.  Chi2 Critical is obtained through the ChiInv Function for alpha and degrees of freedom. d.f. = Rows-1 X Columns-1. In this case we put d.f.  on the table and referred to that cell (C42).
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The Pvalue for a given Chi2 observed is obtained with the Chidist function. The Pvalue can also be obtained through EXCEL's  Chitest function, which requires a table of observed values and expected values. 

An important crosscheck is that EXCEL's Chitest give the same result as the Chidist function on the Chi2 value calculated by a different route. If these aren't exactly the same, something is wrong. 

The next figure shows the numeric results of the flexible formulas, showing that males are more likely to smoke than females.  At first glance, these results seem very highly significant, but, examining the cell results more closely, we find the biggest contributor to the high Chi-Squared value is the unexpected proportion of smokers in the nonresponder column for sex. This aspect is based on relatively small numbers, and who knows what it means?

It would be better to eliminate all the nonresponders from the analysis. I leave this to you to do in detail, but we get a quick result by using the ChiTest Function with cells B17:C18 as observed and cells B25:C26 as Expected. To get a correct calculation using the formulas in the table of expected values, it would be necessary to eliminate the blank row and column in the observed table.  The Pvalue resulting from the ChiTest Function is 0.01909.

So, with 98% confidence, we can conclude this probably reflects real differences in the populations represented by this survey. If there is really no difference (Ho is true) then the probability of  obtaining this result is about 2 in a hundred. We conclude with about 98% confidence that male highschool students are more likely to be smokers than are female highschool students. 

[image: image4.png]A | B L c | D E [E] G R | K—

1
z
3 Countors 1 I
4 [054 0 7 [CFT Grand ol Referencing the vallies in the pivot table directly for further calculations is very
51 [ 058 g} 2033 messy, 50 you have to start by copying the pivot table to a new range, using
62 6270 6208 18 12524 paste special values to sever the cannection with the pivattable process
7| (blani) 310 334 I 657
8 [Grand Total 756 7508 77 15218
g
10 To Expand a table, insert rows o colurmns and copy formulas down and across. To contract, simply delete rows or
i columns from the middle of the range. Be sure to insert and /or delete from the middle of the range, as the ranges are
= specified by the end range cels
18 observed
15
16031 [emale rale [EET) Grand Total ATE 576 =01 ETE
A7 [smoke 955 1058 ) SSUMEI 7017y AT EEMET =D17/0827 [-E17ES 22
18
18
20, nosmoke 6270 6206 8 SSUME20070) EEFE =DZ0/0%27 [-EZ0ES22
21 (lank) 310 334 4 SUM(E21D71) 82178522 7110827 [-E21ES2T
22 Grand Total SSUMETTEZT) _ [-SUMCTTCIT)  |-8UMDITDZT] _|=SUMEITEID) ez2ms22 =D72i0827 [-E22E821
23 Ho: Smoking and gende
24 expects If Independent, P (s
2
26 [=ATE i i3 6 ETE ATE 516 i ETD
27 [=A7 27 SETTBED 22 |=COITET TERZ] |08 27 §ETTRERZ2|=5UNB2T DIy AT I =D27/0%27 [-E27ES22

77 SET0ED 22 |=CTIT SEZ0BER2] |Db27 §ETURES Z1|=50NB30D30) SR =D300677 [-E30ESIT

$77°SE 215E622 |=CYITSE21/BES2] |- 27 §EZ1/SES22|=5UM(B31 D3T) 83178527 D31/D827 [-E3VESIT

UN(B27 831) UNC27:C31) UM(D27D31) _ |=SUM(ERTE3T) B32ms22 =D32/D522 [-E32ES22

in some cases, you wil want to calcLlate percents of row totals rather

i3 6 6 than column totals. In that case the fiexible farmula would he B17/$E17

7Ty 28I |=(C1T-CIIVICaT_|-(O1 -2y i1

7083072830 _|=(C70-CI0/2IC30_|-(D20-D30/ 2030

71-831y2/831 71-CIPIC31_[=(DZ1-D3P 03T

65 sure To change the degrees offreedom 1o Chizsume UME37D)
reflect the new dimensions of the table Chicrit=Chilm(4,0.05) HINV(C.09.4)
o P=ChiDISt(Chiobs, &) HIDIST(42,C44)
Pual als0=ChiTest(Obs Exp)= HITEST(817.021,827:031)
Chitest blanks omitied =CHITEST(B17.020,827:030)





[image: image5.png]B O e [ ® &1 G i i J | |
i
2
EIN T PR I Referencing the values in the pivat table directly for
4 oot T 7 e _[orand Totel
g e o further calcuiations 1 very messy, o you have to start
o LN — WF by copying the pivat table to a new range, using paste
7 lany 319 33 s o] speciall valles to sever the connection with the
& (orand Tola_7aie_7hos 7ol 1214 pivattable process
]
10
i o Expand a tabie, msert raws or Columns and copy farmUlas down and acrass. T0 contract, Smply
i celete rows or columns from the middle of the range. Be SUre to INSert and /or delete from the midle of
13 the range, s the ranges are specified by the end range cells
14 |cbssrve
15
16[03 Jfermale male Gank_[orniTotal  [03% formale_[rmale @ Grand Total
17 fsmof @ e 7l 203  [omoke 27 135%) 77 134%
18/nosmolke | 6270 6206 48] 12524] Inosmoke &5 1o B1.7%) BT E23%
19 | rlanky 319 33 1 M (T 75 4% el i3
20 (Grand Tola_7a44] _7eoR] 72l 18214 [orand ToWl To0 %] 00| Ta00%| To00%
21 [Ho: Smoking and gender are ndependent
22 |expected _ffindependen, P (smoke AND Female) = P(smoke) X P(Female)
25
24[03T  Jrermal Jmale JGlan)_[orniTotal  [03% formale el [®ian Grand Tatal
25 (smoke | 100678 10763 ao211a] 203 [smoke 51349 T 13a%
26 (nosmolie | 0210.14] 525450 £0.0586] 12524] [nosmote 82.3% 623% B2.3% 629%
27 (Glang_| 975770 328111 ainopa o6l [Glank 5 4% 3 3%
26 (Grand Tol| 7544 50E] 72 78214 [orand oWl To00%| T000%|  T000%| Ta00%
2
N T 1 50me cases, you Wil want 1o CalcLiate percents of row totals
32(03 Jemale Jmale _JGand rather than colurn totals. I that case the fisxisle formuia
35 (smofe | 2.70%6[ 1.79804] 111957 |would be B17SE17
34 (nosmolie | 05770109775 214262
35 [Glank)_| 0.14108] 010568 025518
3 chizsu 193808
3 Chicrt=Chil(4,0.05) 948773
38 [0 1=RAFC)= i P=CHIDISHCHIODS, &) 000066
3 Pual also=ChiTest(0bs Exp)= 000068

a0

Chitest blanks omitted 0.01853



Once this spreadsheet is assembled, it has been designed to be flexible and apply to other crosstabulations. A table with different dimensions can be accommodated by inserting or deleting rows or columns. 
make sure to insert or delete on the inside of the table rather than the periphery so that range references are not disrupted. after inserting rows or columns to fit the new dimension simply copy the formulas down or across to fill the new space. Change the degrees of freedom to fit the new dimensions (R-1)X(C-1), and all the formulas should adjust to give the correct results. 

Analysis of the MJHappy crosstab results in EXCEL.

Before you can conveniently work with the pivottable data, you have to copy it into another table as values. 

There are some tricks to this in EXCEL XP. Right click/copy doesn't work. use the menu edit/copy. If you select and copy-paste the entire table, you generate a second active pivottable instead of workable values. Get around this by paste special/values, or by copying only the actual data from the table when you select it and copy.  If you want to leave some data out, simply don’t copy it from the pivot table. Don’t delete data or make other changes to the Pivottable as it would likely get very messed up.
Once the data are copied to a separate table in EXCEL, you will want to relabel rows and columns to be more descriptive, and delete the row and column that correspond to "no response". Those records are only a few percent of the total and for our purposes, we can tolerate a little inaccuracy to spare the complexity of corrections. 

Use real count data from the yrbs2003, from crosstabulating questions 46 (amount of Marijuana in the last 30 days) In Rows--and 23 (sadness to the point of neglecting normal activities) In columns Leave out nonrespondents (less than 5%) when copying from the Pivottable to simplify the analysis. Replace the last digit in each of the first four rows in the Yes column with the last 4 digits of your student number. 

Calculate totals for rows and columns of the observed values. Set up tables next to the observed table and next to the calculated expected frequency table in which you calculate the percents of counts related to total count for each Row. Note this will require slightly different formulas than those shown in the figure, above. But, in this case the interesting result is percent of pot users who are depressed. I think this will clarify what we are doing in the test and help in the practical interpretation. Calculate Chi2, Critical Chi2 and Pvalue for the observed result. If you use a sheet designed with flexible formulas for copying as we did in class this will be about a 5-minute job. Use 5% alpha to test independence of amount of Marijuana smoking and sadness. Compare the EXCEL Chitest result to the Chidist result for the calculated observed Chi2 value (if these aren't exactly the same then there is something wrong. Fix it.). 
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What is the null hypothesis?

2. Compare Chi2 obs to Chi2 crit and Pvalue to alpha (5%) .What do you conclude about the relationship? How confident are you in your conclusions?

3. From this, can you conclude Marijuana makes people happy? Can you conclude that Marijuana makes people sad? What can you conclude from this?
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