Categorical Dependent Variables 





I.  Chi-square test for independence





A.  The chi-square test for independence essentially compares the actual frequencies in the cells of a table to those that would be expected given the marginal frequencies.  When the discrepancy is large, chi-square is large and the probability that the variables defining the table are independent is small.





B. How to calculate chi-square: 2 X 4 Table example





Productivity			Current Academic Affiliation


				Major 				Minor			


			High 		Low		High 		Low		Totals


High			17		16		14		 7		 54


Low			19		20		22		35		 96


Totals			36		36		36		42		150





1.  Table has the form:





	  a	|  b   |  c   |  d    | a+b+c+d 	 foobserved frequency


	  e	|  f    |  g   |  h    | e+f+g+h  	feexpected frequency


	a+e	|b+f  | c+g| d+h |N	  	r=# of rows, c= # of columns





	2.  Calculate expected frequencies for each cell





		e.g.,  fe(a)=[(a+b+c+d)/N][(a+e)/N]N = (a+b+c+d)(a+e)/N


	e.g., High, Major: 36*54/150=12.96





	3.  Chi-square ((fo-fe)2	df=(r-1)(c-1)


			        fe





	fo	  fe		fo-fe	(fo-fe)2	  (fo-fe)2/fe


		17	12.96		4.04	16.3216	1.259


		19	23.04		-4.04	16.3216	 .708


		16	12.96		3.04	9.2416		 .713


		20	23.04		-3.04	9.2416		 .401


		14	12.96		1.04	1.0816		 .083


		22	23.04		-1.04	1.0816		 .047


		 7	15.12		-8.12	65.9344	4.361


		35	26.88		 8.12	65.9344	2.453


								10.026


C.  Assumptions:


	1.  Simple random sample of population.


	2.  Observations are independent.


	3.  Expected frequencies are not small (< 5).


4.  Sum of expected frequencies = sum of observed frequencies.


5.  Distribution is continuous.  Acceptable approximation in most cases, but dangerous when df=1.  In this case, when the significance level is marginal, may want to compute corrected chi-square:





	Corrected Chi-square ( (|fo-fe|-.05)2		df=(r-1)(c-1)


					   fe


D.  Analyzing Sub-tables





	1.  Aggregation will change the chi-square





			Major	Minor


	High		 33       21       54              


	Low		 39       57       96             


	Total	 	72       78      150                      





fo	  fe		  fo-fe	   (fo-fe)2	  (fo-fe)2/fe


     	33	25.92		  7.08     50.1264  	  1.933889 


	39	46.08   	 -7.08     50.1264     	  1.087813    


	21	28.08     	-7.08	   50.1264     	  1.785128 


	57	49.92     	  7.08	   50.1264     	  1.004135


                 					  	  5.810964       





	2.  Chi-square is not additive





	Major Universities Only





fo	  fe		fo-fe		(fo-fe)2	  (fo-fe)2/fe


	17	16.5		 .5		  .25		.0152


	16	16.5		-.5		  .25		.0152


	19	19.5		 .5		  .25		.0128


	20	19.5		-.5		  .25		.0128


								.0559


	Minor Universities Only





fo	  fe      	    fo-fe		(fo-fe)2	  (fo-fe)2/fe


	14	9.692	 4.308		18.556		1.914


	 7	11.307	-4.308		18.556		1.641


	22	26.308	 4.308		18.556		 .705


	35	30.692	-4.308		18.556		 .604


								4.865


II.  Arcsine transformation for proportions





A.  When the data to be analyzed are proportions or can be expressed as proportions, one can analyze the data in an analysis of variance format (cf. Langer & Abelson, 1972).





When the data are counts of subjects achieving some criterion, then they can be represented in a table by a proportion.  In this case, the data are heteroscedastic, having variance (1/nipi(1-pi).  However, one can transform the proportions using an arc-sine transformation  �EMBED Equation.3���  and then test hypotheses or even perform an analysis of variance using z-tests.





C.  Example (Langer & Abelson, 1972).





 					Frequency of Helping Behavior


						Appeal Orientation


		Favor		Victim				Target


		Legitimate	14 (.70)			6 (.30)


		Illegitimate	 7 (.35)				10 (.50)      n=20


		


Using the arc-sine transformation, let �EMBED Equation.3���with the angle (p) expressed in radians.





						Appeal Orientation


		Favor		Victim				Target


		Legitimate	1.982				1.159


		Illegitimate	1.266				1.571





when transformed, the proportions no longer have variance (1/nipi(1-pi), but rather they have variance (1/ni).  When the ni are constant, the variance is constant (cf. Winer, 1971).  An analysis of variance can then be performed on these data using Z tests.  For example, the test of the main 


effect of type of favor is:


	


		(a + (b - (c - (d     1.982 + 1.159 - 1.266 - 1.571


	Z=  ------------------------ = -----------------------------


	       ( 1/n + 1/n + 1/n + 1/n             ( 4(1/20)





the test of the interaction between appeal orientation and favor is:





		(a - (b - (c + (d         1.982 - 1.159 - 1.266 + 1.571


	Z=  ------------------------ = -----------------------------		= 2.522,  p<.02


	       (1/n + 1/n + 1/n + 1/n   	        ( 4(1/20)





a test of the legitimate favor, victim appeal cell against all other cells is:





	       3(a - (b - (c - (d        3(1.982)-1.159-1.266-1.571


	Z=  ------------------------ = -----------------------------


	      ( 9/n + 1/n + 1/n + 1/n   	         ( (9/20)+(4/20)





Be careful using any nonlinear transformation that the transformed data continue to represent the pattern in your original dataset.





D.  When the data are proportions for each subject (e.g., percent correct), one can perform an arcsine transformation and then analyze the transformed data in a standard analysis of variance design.





E. The arcsine transformation stabilizes the variance of proportions and allows the application of standard general linear model techniques, but the transformation may not model the data.  An alternative solution is the logit transformation.


