
Artsy Case

The Artsy Corporation has been sued in the United States Federal Court on charges of employment discrimination under Title VII of the Civil Rights Act of 1964. (Artsy is an actual corporation and the data given in the case is real, but the name has been changed to protect the firm's true identity.) The litigation at contention here is a "class action" lawsuit brought on behalf of all females whom the company employed, or who had applied for work with the company, between 1979 and 1987. Artsy operates in several states, runs four quite distinct businesses, and has many different types of employees. The allegations against Artsy include issues of hiring, pay, promotions, and other "conditions of employment." 

In such large class action employment discrimination lawsuits statistical evidence commonly plays a central role in the determination of guilt or damages. In an interesting twist on traditional legal procedures, the precedent in these cases is that plaintiffs may make a "prima-facie" case purely in terms of circumstantial statistical evidence. If that statistical evidence is reasonably strong, the burden of proof shifts to the defendants to rebut the plaintiff's statistics with other statistical data, other statistical analyses of the same data, or by non-statistical testimony. In practice, statistical arguments often dominate the proceedings of such EEO cases. Indeed, in this case the statistical data used filled numerous computer tapes and the supporting statistical analysis comprised thousands of pages of computer printouts and reports. We work here with a small subset of the voluminous data that pertain to one of the several contested issues in one of the company's locations. 

Specifically, the data in Table 1 relate to the pay of 256 employees on the bi-weekly payroll at one of the Artsy Company’s Pocahontas, Maine production facilities. The data include: 

· an identification number (IDNUMBER) that would permit us to identify the person by name or social security number, 

· the person's sex (SEX) where a 0 denotes female and a 1 denotes a male, 

· the person's job grade in 1986 (GRADE), 

· the length of time (in years) the person had been in that job grade as of 12/31/86 (TING), and 

· the person's weekly pay rate as of 12/31/86 (RATE). The issue of concern is fair pay for female employees.

The plaintiff's attorneys have proposed settling the pay issues for this group of female employees for a "back pay" lump payment of 25% of their pay during the period 1979 to 1987. It is our task to examine the data in the table for evidence in favor of, or against the charges of pay discrimination against the females. To make our mission explicit suppose that we are to advise the lawyers for the Artsy Company on how to proceed. (An alternative mission would be to assist the plaintiffs.)

Please consider the following issues:

1) Overall, how different is pay by sex? Are the differences in pay statistically significant? Is a statistical hypothesis test appropriate in an issue like this? If so, how should it be done? How could it be explained to a judge? What arguments do you anticipate the plaintiffs will be making with these data?

2) The Artsy Company wishes to argue that a legitimate explanation of any pay rate difference is the difference in job grades by sex. (In this analysis we will tacitly assume that each person's job grade is, in fact, appropriate for them, even though the plaintiff's attorneys have charged that females have been unfairly kept in the lower grades. Other statistical data, not available here, are used in the analysis of the job placement issue.) The company’s lawyers ask, "Is there a relatively easy way to understand, to analyze and display the pay differences by job grade? Easy enough that it could be presented to an average jury without confusing them?” Again, try to anticipate the possible arguments of the plaintiffs. To what extent does job grade appear to explain the pay rate differences between the sexes? Propose and carry out appropriate hypothesis tests or confidence intervals to check whether the difference in pay between sexes is statistically significant within each of the grades.

3) In the actual case, the analysis carried out in (2) above suggested to the attorneys that differences in pay rates are due, at least in part, to differences in job grades. They had heard that in another EEO case the dependence of pay rate on job grade had been investigated with regression analysis. Perform a simple linear regression of pay rate on job grade. Interpret the results fully. Is the regression significant? How much of the variability in pay does job grade account for? What light does this analysis shed on the pay fairness issue? Does it help or hurt the Artsy company?

4) It is argued that seniority within a job grade should be taken into account since the Artsy Company's written pay policy explicitly calls for the consideration of this factor. How different are times in grade by sex? Enough to matter?

5) The Artsy legal team wants an analysis of the simultaneous influence of grade and time in grade on pay. Perform a multiple linear regression of pay rate versus grade and time in grade. Is the regression significant? How much of the variability in pay rates does this model explain? Will this analysis help your clients? Could the plaintiffs effectively attack it? Utilize residuals in your analysis of these issues. 

6) The attorneys ask: “Is it possible to do a regression analysis that simultaneously considers the effect on pay of grade, time-in–grade and sex?” If so, carry one out.

7) Organize your analyses and conclusions in a brief report summarizing your findings for your client, the Artsy Corporation. Be complete but succinct. Be sure to advise them on the issue of the settlement. Please be as forceful as you can be in arguing "the Artsy Case" without misusing the data or statistical theory. Apprise your client of the risks they face by developing the most forceful counter argument that you believe the female plaintiffs could fairly make. 

Table 1: Artsy Data

	ID
	RATE
	TinG
	SEX
	GRD
	ID
	RATE
	TinG
	SEX
	GRD
	ID
	RATE
	TinG
	SEX
	GRD
	ID
	RATE
	TinG
	SEX
	GRD

	1
	865
	1.5 
	0
	2
	65
	963
	2.5 
	0
	7
	129
	788
	1.2 
	0
	2
	193
	713
	1.5 
	0
	2

	2
	820
	0.5 
	0
	4
	66
	747
	2.5 
	0
	2
	130
	808
	0.5 
	0
	2
	194
	952
	1.5 
	0
	6

	3
	675
	1.5 
	0
	2
	67
	916
	0.5 
	0
	6
	131
	1338
	5.0 
	1
	7
	195
	1376
	5.0 
	1
	6

	4
	1494
	1.5 
	1
	8
	68
	952
	1.5 
	0
	3
	132
	808
	2.2 
	0
	4
	196
	630
	4.5 
	0
	1

	5
	730
	0.5 
	1
	4
	69
	831
	0.5 
	1
	3
	133
	1230
	3.5 
	1
	7
	197
	901
	1.5 
	0
	5

	6
	710
	1.5 
	0
	2
	70
	854
	1.5 
	0
	3
	134
	1024
	0.5 
	0
	7
	198
	579
	0.8 
	0
	1

	7
	692
	1.1 
	0
	2
	71
	660
	0.9 
	0
	2
	135
	588
	1.1 
	0
	1
	199
	952
	1.5 
	0
	5

	8
	723
	0.5 
	0
	3
	72
	1174
	0.5 
	1
	6
	136
	906
	0.8 
	0
	5
	200
	1125
	0.5 
	1
	6

	9
	727
	0.8 
	0
	2
	73
	1057
	3.5 
	1
	6
	137
	1552
	5.0 
	1
	8
	201
	663
	0.5 
	0
	2

	10
	692
	1.5 
	0
	2
	74
	1230
	1.5 
	1
	7
	138
	1177
	5.0 
	1
	5
	202
	1390
	5.0 
	1
	7

	11
	1142
	0.5 
	1
	6
	75
	628
	1.0 
	0
	1
	139
	802
	1.2 
	0
	2
	203
	1038
	0.7 
	0
	7

	12
	1413
	0.5 
	1
	8
	76
	762
	1.6 
	0
	2
	140
	612
	0.5 
	0
	1
	204
	720
	0.2 
	0
	2

	13
	795
	1.5 
	0
	3
	77
	885
	0.5 
	0
	5
	141
	1002
	1.5 
	0
	6
	205
	960
	4.5 
	1
	7

	14
	825
	1.5 
	1
	3
	78
	865
	0.1 
	0
	4
	142
	932
	1.5 
	0
	4
	206
	756
	2.3 
	0
	2

	15
	867
	0.5 
	0
	4
	79
	1177
	3.5 
	1
	5
	143
	1191
	1.5 
	1
	7
	207
	597
	0.9 
	0
	1

	16
	779
	0.5 
	0
	3
	80
	825
	1.5 
	0
	3
	144
	730
	0.1 
	0
	4
	208
	623
	0.5 
	0
	2

	17
	1057
	0.5 
	1
	5
	81
	848
	1.5 
	0
	3
	145
	1365
	0.5 
	0
	8
	209
	756
	2.5 
	0
	2

	18
	706
	1.5 
	0
	1
	82
	682
	0.8 
	0
	1
	146
	810
	1.5 
	0
	3
	210
	804
	3.5 
	1
	1

	19
	1052
	0.5 
	1
	7
	83
	1240
	5.0 
	1
	7
	147
	856
	1.5 
	0
	1
	211
	1158
	5.0 
	1
	7

	20
	735
	0.5 
	0
	2
	84
	1519
	5.0 
	1
	7
	148
	1269
	3.5 
	1
	7
	212
	1148
	2.5 
	0
	7

	21
	780
	1.5 
	0
	2
	85
	730
	0.1 
	0
	4
	149
	624
	0.8 
	0
	2
	213
	1050
	0.5 
	0
	7

	22
	1255
	0.5 
	1
	7
	86
	1500
	3.3 
	1
	8
	150
	865
	0.5 
	0
	4
	214
	858
	3.5 
	0
	5

	23
	1264
	5.0 
	1
	7
	87
	806
	0.4 
	1
	5
	151
	698
	0.9 
	0
	1
	215
	1004
	2.5 
	1
	6

	24
	692
	0.7 
	0
	2
	88
	813
	1.5 
	0
	2
	152
	1238
	2.0 
	0
	7
	216
	1390
	5.0 
	0
	7

	25
	946
	2.5 
	0
	6
	89
	801
	0.5 
	1
	3
	153
	990
	2.5 
	0
	6
	217
	894
	1.5 
	0
	5

	26
	1410
	5.0 
	1
	8
	90
	894
	0.1 
	0
	4
	154
	818
	1.5 
	0
	1
	218
	952
	0.8 
	1
	7

	27
	747
	1.5 
	0
	2
	91
	825
	0.5 
	0
	4
	155
	687
	2.5 
	0
	2
	219
	1200
	0.5 
	1
	7

	28
	789
	2.5 
	0
	2
	92
	893
	1.5 
	0
	5
	156
	1067
	1.5 
	0
	7
	220
	842
	0.5 
	0
	3

	29
	1110
	1.5 
	1
	7
	93
	687
	2.5 
	0
	2
	157
	730
	0.5 
	1
	4
	221
	1131
	2.5 
	1
	7

	30
	923
	0.5 
	0
	5
	94
	796
	0.5 
	0
	3
	158
	1350
	1.5 
	1
	8
	222
	990
	2.5 
	1
	5

	31
	692
	0.2 
	0
	2
	95
	702
	1.2 
	0
	2
	159
	1385
	5.0 
	1
	8
	223
	1073
	3.5 
	0
	7

	32
	648
	1.3 
	0
	1
	96
	788
	0.5 
	0
	1
	160
	867
	1.5 
	0
	5
	224
	690
	0.7 
	0
	2

	33
	1067
	1.5 
	0
	7
	97
	1110
	1.5 
	1
	7
	161
	1128
	3.7 
	1
	7
	225
	961
	5.0 
	0
	5

	34
	870
	2.5 
	1
	5
	98
	779
	4.5 
	0
	1
	162
	1082
	5.0 
	0
	6
	226
	762
	0.8 
	0
	2

	35
	882
	2.5 
	0
	5
	99
	795
	2.5 
	0
	2
	163
	1396
	5.0 
	1
	8
	227
	1419
	0.5 
	1
	8

	36
	885
	1.5 
	1
	3
	100
	780
	0.1 
	0
	2
	164
	831
	0.5 
	0
	5
	228
	1258
	5.0 
	1
	7

	37
	909
	0.5 
	1
	3
	101
	819
	2.5 
	1
	3
	165
	692
	0.0 
	0
	2
	229
	900
	1.5 
	0
	3

	38
	1035
	0.5 
	0
	7
	102
	1229
	4.5 
	1
	8
	166
	1131
	4.5 
	1
	7
	230
	804
	1.5 
	1
	3

	39
	658
	2.2 
	0
	1
	103
	810
	0.5 
	0
	5
	167
	837
	0.1 
	0
	3
	231
	1096
	0.4 
	0
	6

	40
	860
	1.5 
	1
	4
	104
	630
	0.2 
	0
	1
	168
	735
	0.5 
	0
	2
	232
	932
	2.5 
	0
	5

	41
	616
	0.8 
	0
	2
	105
	730
	0.5 
	0
	4
	169
	1073
	1.5 
	0
	5
	233
	819
	0.5 
	1
	3

	42
	924
	2.5 
	0
	6
	106
	1065
	0.5 
	1
	7
	170
	710
	0.7 
	0
	2
	234
	1056
	2.5 
	0
	7

	43
	929
	1.5 
	1
	5
	107
	816
	1.5 
	0
	3
	171
	923
	0.5 
	0
	4
	235
	764
	0.5 
	0
	3

	44
	762
	0.6 
	0
	3
	108
	1172
	5.0 
	1
	7
	172
	1200
	0.9 
	0
	6
	236
	1079
	1.5 
	0
	6

	45
	1223
	2.5 
	1
	7
	109
	723
	1.3 
	0
	2
	173
	894
	1.5 
	1
	4
	237
	690
	0.5 
	0
	2

	46
	907
	3.5 
	1
	4
	110
	958
	3.0 
	1
	6
	174
	804
	1.5 
	0
	2
	238
	1183
	0.5 
	1
	6

	47
	1119
	4.5 
	1
	7
	111
	1275
	5.0 
	1
	8
	175
	590
	0.8 
	0
	1
	239
	837
	0.2 
	0
	5

	48
	1050
	0.5 
	0
	4
	112
	894
	0.5 
	0
	6
	176
	914
	0.5 
	0
	6
	240
	929
	0.5 
	0
	5

	49
	1500
	4.5 
	1
	7
	113
	602
	1.0 
	0
	1
	177
	588
	1.0 
	0
	1
	241
	835
	1.5 
	0
	5

	50
	740
	0.7 
	1
	5
	114
	1004
	2.5 
	0
	7
	178
	780
	0.5 
	0
	5
	242
	886
	1.5 
	0
	3

	51
	1183
	0.5 
	0
	8
	115
	1135
	0.5 
	1
	6
	179
	623
	0.3 
	0
	1
	243
	806
	0.5 
	1
	5

	52
	990
	2.5 
	0
	5
	116
	840
	1.5 
	0
	3
	180
	717
	0.7 
	0
	1
	244
	929
	0.5 
	0
	6

	53
	1368
	5.0 
	1
	7
	117
	756
	2.5 
	0
	2
	181
	762
	0.7 
	0
	4
	245
	1070
	2.5 
	1
	7

	54
	1385
	0.5 
	1
	8
	118
	770
	1.5 
	0
	2
	182
	1154
	2.5 
	1
	8
	246
	730
	1.0 
	0
	4

	55
	834
	0.5 
	0
	3
	119
	750
	0.5 
	0
	2
	183
	779
	1.5 
	0
	2
	247
	762
	0.5 
	0
	4

	56
	1263
	5.0 
	1
	7
	120
	687
	2.5 
	0
	2
	184
	771
	0.5 
	0
	3
	248
	1053
	0.5 
	0
	7

	57
	1154
	5.0 
	1
	6
	121
	900
	0.5 
	0
	4
	185
	1350
	1.5 
	1
	8
	249
	1188
	3.3 
	0
	6

	58
	1263
	5.0 
	1
	7
	122
	780
	1.0 
	0
	2
	186
	1360
	0.5 
	0
	7
	250
	981
	1.3 
	0
	7

	59
	814
	1.5 
	0
	5
	123
	1428
	5.0 
	1
	7
	187
	616
	0.8 
	0
	2
	251
	951
	5.0 
	0
	3

	60
	825
	1.5 
	1
	3
	124
	1275
	5.0 
	1
	8
	188
	1428
	5.0 
	1
	8
	252
	606
	0.5 
	0
	1

	61
	840
	5.0 
	0
	3
	125
	912
	0.5 
	0
	5
	189
	813
	1.5 
	1
	5
	253
	806
	0.5 
	0
	5

	62
	692
	0.3 
	0
	2
	126
	1174
	0.5 
	1
	7
	190
	740
	0.5 
	1
	5
	254
	720
	1.2 
	0
	2

	63
	837
	0.9 
	0
	3
	127
	710
	1.8 
	0
	2
	191
	635
	0.2 
	0
	2
	255
	981
	0.5 
	0
	6

	64
	813
	0.5 
	0
	4
	128
	1263
	4.5 
	1
	7
	192
	817
	0.5 
	0
	5
	256
	1038
	2.5 
	0
	7
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