SOC 3811/5811:
BASIC SOCIAL STATISTICS

Associations Between Continuous Variables



Please look at the graphic below.

Very warm or favorable feeling 100° (-
Quite warm or favorable feeling  85° |

Fairly warm or favorable feeling 70°
Abit warm or favorable  60°

No feeling atall  50° -

A bit cold or unfavorable  40° L

Fairly cold or unfavorable feeling  30° -
Quite cold or unfavorable feeling  15° |

Very cold or unfavorable feeling

We'd like to get your feelings toward some people and groups who are in the news these
days using something we call the feeling thermometer.

Ratings between 50 degrees and 100 degrees mean that you feel favorable and warm toward
the person or group. Ratings between 0 degrees and 50 degrees mean that you don't feel
favorable and warm toward the person or group. You would rate them at the 50 degree
mark if you don't feel particularly warm or cold toward them.

If you come to a person or group that you don't recognize at all, you don't need to rate them.
Just leave the box empty and go on to the next person or group.
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“Feeling Thermometer” Data
2020 American National Election Survey (Pilot Test)

n=2,999
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“Feeling Thermometer” Data

R%y = —0.42%2=0.18
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ryx = —0.42



Inferences About Associations

Hypothesis Tests About p?,,
R2,y is @ sample estimate of population parameter p?,,
If p%,, equals zero, then X does nothing to explain variability in Y

Hypothesis Tests About p,,
ryy IS @ sample estimate of population parameter p,,
If pyx equals zero, then there is no correlation between X and Y

Hypothesis Tests About Slope By
byy is a sample estimate of population parameter {3,
If By equals zero, then the regression of Y on X has a zero slope



Inferences About Associations

Hypothesis Testing in 6 Steps

1. State the null (H,) and alternative (H,) hypotheses

2. Check that the sample data conform to basic assumptions; if
they do not, then do not go any further

3. Choose an o probability level ... that is, a probability associated
with incorrectly rejecting the null hypothesis

4. Determine the “critical value” ... that is, how large the test
statistic must be in order to reject the null hypothesis at the
given o level

T
5. Calculate the test statistic .mr t, depending
6. Compare the test statistic to the critical value




Inferences About o2,



Inferences About p?,

State the null (H,) and alternative (H,) hypotheses

Ho: p?yx =0
Hy: p%yx >0

This is a one-sided test (with no <) because p?,, cannot
possibly be less than zero

Failing to reject the null means failing to reject the
hypothesis that X explains none of the variation in Y



Inferences About p?,

Check that the sample data conform to basic assumptions;
if they do not, then do not go any further

The assumptions of the regression model described earlier
must hold for hypothesis tests about p?,, to be valid



Inferences About p?,

Choose an a probability level ... that is, a probability
associated with incorrectly rejecting the null hypothesis

Let’s choose o=0.05



Inferences About p?,

Determine the “critical value” ... that is, how large the test
statistic must be in order to reject the null hypothesis at the

given o level

The hypothesis test for p2, is (as described below) an F test
with dfy =1 and dfygyou=n-2

In our example, we want F, ,49; for a=0.05 which is 3.8%

We will thus reject H, if our F statistic exceeds 3.8%



DENOMINATOR Degrees of Freedom

Critical Values of F

(0.=0.05)
NUMERATOR Degrees of Freedom

1 2 3 4 5 6 7 8 9 10 15 20 30 40 50 100 200 00
1 16145 199.50| 21571 22458 230.16 233.99| 23677 238.88 240.54| 241.88 24595 24801 250.10 25114 251.77 253.04 253.68 254.31
2 1851 19.00 1916 1925  19.30) 1933 1935 19.37| 19.38  19.40, 19.43 19.45 1946 1947 19.48 1949 1949  19.50
3 1013 955 928 912  9.01| 894 88 885 881 879 870 866 862 859 858 855 854 853
4 771 694 653 639 626/ 616 609 604 600 59 58 58 575 572 570, 5.66  5.65 = 5.63
5 6.61 573 541 519 505 495 488 482 477 474  462| 456 450 446 444 441 439 436
6 599 514 475 453 439 428 421 415 410 408  3.94 387 3.8 377 375 371 369 367
7 559 474 435 412 397  3.87| 379 373  3.68 364  3.51| 344 338 334 332 327 325 323
8 532 446 407 384 369 358 350  3.44 339 335 322|345 3.08  3.04 3.02 297 295 293
9 52| 426 3.8  3.63 348  3.37| 329 323 38| 314 3.01] 294 285 283 280 276 273 271
10 495 4100 371 348 333 3.22| 314  3.07] 302 298 285 277 270 266  2.64 259 256 254
11 4g4 398 359 336 320 3.09| 301 2985 290 285 272|285 257 253 251 246 243 240
12 475 3.89 349 326 311  3.00| 291  2.85  2.80, 275  262| 254 247 243 240 235 232 230
13 467 381 341 318 303  292| 283 277 271 267 253 246 238 234 231 226 223 221
14 460, 374 334  311] 296 285 276  270| 265 260 246 239 231 227 224 219 216 213
15 454 368 329 306 290 279 271 264 259 254 240/ 233 225 220 218 2120 210 207
16 449 363 324 301 285 274 266 259 254 249 235 228 219 215 2120 207 204 201
17 445, 359 320 296 281 270/ 261 255 249 245 231 223 215, 210, 208 202 199 19
18 441 355 316 293 277 266/ 258 251 245 241 227|219 211 206 204 198 195 192
19 438 352 313 290 274 263| 254 248 242 238 223 216 207 203 200 194 191 188
20 435, 343 310 287 271 260 251 245 239 235 220/ 212 204 199 197 191 188 134
21 432 347 307 284 268  257| 249 242 237 232 218 210 201 196 194 1.8 184 181
22 430 3.44 305 28 266 255 246 240 234 230 215/ 207 198 194 191 185 18 178
23 428 342 3.03 280 264 253| 244 237 232 227 213| 205 19 191 188 182 179 176
24 425 340 301 278 262 251 242 236/ 230 225 211 203 194 18 1.8 1.8 177 173
25 424/ 333 299 276 260 249 240 234 228 224 209 201 192 187 184 178 175 171
26 423 337 298 274 259 247 239 232 227 222 207 199 19| 185 1.8 176 173 169
27 421 335 29 273 257 246 237 231 225 220 208 157 1.8 L84 18 174 171 167
28 420 334 295 271 256 245/ 236 229 224/ 219 204/ 19 187 182 179 173 169 165
29 418 333 293 270, 255  243| 235 228 222 218 203| 194 185 18 177 171 167 164
30 417 332 292 269 253 242/ 233 227 221 216 201 193 184 179 176 170, 166 162
31 416 3300 291 268 252 241 232 225 220 215 200 182 183 178 175 168 165 161
32 415 329 290 267 251 240 231 224 219 214 199 181 18 L77, 174 167 163 159
33 414 328 289 266 250 239 230 223 218 213 198 19 181 176 172 166 162 158
34 413 328 288 265 249 238 229 223 217 212 197 189 18| 175 171 165 161 157
35 412 327 287 264 249 237 229 222 216 211 19| 188 179 174 170 163 160 156
40 408 323 28 261 245 234/ 225 218 212 208  192| 184 174 169 166 159 155 151
50 403 318 279 256 240 229 220 213 207 203 187 178 169 163 160 152 148 144
75 397 3120 273 249 234 222| 213 206 201 19 18| 171 161 155 152 144/ 139 134
100 3904 309 270 246 231 219 210 203 197 193 177| 188 157 152| 148 139 134 128

200 @/
°0  3.84 300 260 237 221 210/ 201 1984 1.8 183 167 157 146 139 135 124 117 100

3.04 2.65 2.42 2.26 2.14 2.06 158 153 188 L72 162 152 L.46 141 132 1.26 119



Inferences About p?,,

Calculate the test statistic

SSTOTAL = (s§)(n — 1) = (7@ 75 2@("\ ~> L{ \ﬂ\, COX
SSREGRESSION = (Ryx) (SST0TAL) =( ) ‘VBN ‘:)”)5 ‘9033 @L 8¢
SSERROR = SSTOTAL ~ SSREGRESSION = \} N, b0y~ 5 (p,swjébpo o\S

%SSIO /1 MSRegresswn _

F —
1 =2 SSERR MSError

&\ YKK/I _ Us/]

“19m 0\3/ 20\7

S
=489 sy = 34.3
42.1 sy =389

ryx = —0.42 R$x = 0.18

X
Y =

a=65.6 byx = — 0.48



Inferences About p?,,

Calculate the test statistic
SSToTAL = (s%)(n — 1) = (38.9%)(2,999 — 1) = 4,536,603

SSREGRESSION = (R%(X)(SSTOTAL) = (0.18)(4,536,603) = 816,588

SSERROR = SSTOTAL — SSREGRESSION = 3,720,015

_ SSREGRESSION/1 . MSgegression _ 816,588/1

I — = 657
Ln-2 = "gs e nror/N — 2 MSgrror  3,720,015/2997

X =489 sy =343
Y=421 sy =389
ryx = —0.42 R$x = 0.18

a=65.6 by, = — 0.48

yX



Inferences About p?,

Compare the test statistic to the critical value

— If the test statistic is larger than the critical value, then reject H,

— If the test statistic is less than or equal to the critical value,
then do not reject H,

We can restate the hypotheses:
Ho: P2,y = 0 = Fail to reject H, if F< 3.9%
H,: p%,y > 0 = Reject H, if F > 3.8%

Since F=657, we reject H, ... so it appears that in the

population X and Y are associated, such that X accounts
for some of the variability in Y



Inferences About Correlation (p,,)



Inferences About Correlation (pyy)

State the null (H,) and alternative (H,) hypotheses

Ho: pyx =0
Hi:py#0
This is a two-sided test since pyy can range from -1 to +1

Failing to reject the null means failing to reject the
hypothesis that X and Y are uncorrelated in the population



Inferences About Correlation (pyy)

Check that the sample data conform to basic assumptions;
if they do not, then do not go any further

The assumptions of the regression model described earlier
must hold for hypothesis tests about p,, to be valid



Inferences About Correlation (pyy)

Choose an a probability level ... that is, a probability
associated with incorrectly rejecting the null hypothesis

Let’s choose o=0.05



Inferences About Correlation (pyy)

Determine the “critical value” ... that is, how large the test
statistic must be in order to reject the null hypothesis at the

given o level

Given a=0.05 for this two-sided test, the critical value Z*
equals 1.96



Standard Normal Probabilities

O (L@:%entw

' Table entry for 7 is the area under the standard normal curve
to the left of z.

4 .00 01 .02 .03 .04 .05 .06 .07 .08 .09

3.4 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003  .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004  .0003
32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005  .0005
-3.1 .0010 .0009 .0009  .0009 .0008 .0008 .0008 .0008 .0007  .0007
-3.0 .0013 .0013 .0013  .0012 .0012 .0011 .0011 .0011 .0010  .0010
29 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014  .0014
2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020  .0019
-27 0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027  .0026
2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037  .0036
-2.5 0062 .0060 .0059  .0057 .0055 .0054 .0052 .0051 .0049  .0048
24 0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066  .0064
23 0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087  .0084
22 0139 0136 .0132 .0129 .0125 .0122 .0119 .0116 .0113  .0110
-21 0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146  .0143
2.0 .0228 .0222 .0217 .0212 .0207 .0202 BT} .0192 .0188  .0183
-19 .0287 .0281 .0274 .0268 .0262 .0256 @ 0244 0239 0233
-1.8 0359 .0351 .0344 .0336 .0329 .0322 0314 .0307 .0301 .0294
-1.7 0446 .0436 .0427  .0418 .0409 .0401 .0392 .0384 .0375  .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465  .0455
-15 0668 .0655 .0643  .0630 .0618 .0606 .0594 .0582 .0571  .0559
-1.4 0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694  .0681

. P e Tl al S Y. ! o . N e e FaTala ] o FalaTad &l FaTal bt ] FaTaks 1l SN ™ ™




Inferences About Correlation (pyy)

Calculate the test statistic

Zr‘ 2 ﬁ}(ﬁ (%L\A(\L \11\— 5\1/7

Z =0 _ = y\7- D
N ‘) — NMe

=489 sy = 34.3
42.1 sy =389
ryx = —0.42 R$x = 0.18

X
Y =

a=656 by, =—048



Inferences About Correlation (pyy)

Calculate the test statistic

(1)) (1rvx) _ (1), (1-042\
cT\2) M T oryy) ~ \2) M\ T ¥ 0az) T T
Z,—0  —0.447

J1/n=3 N J1/2,996

7 =

= —24.46

=489 sy = 34.3
=421 sy =389
ryx = —0.42 R$x = 0.18

X
Y

a=65.6 by, = — 0.48

yX



Inferences About Correlation (pyy)

Compare the test statistic to the critical value

— If the test statistic is larger than the critical value, then reject H,

— If the test statistic is less than or equal to the critical value,
then do no reject H,

We can restate the hypotheses:
Hy: pyy = 0 =@ Fail to reject H, if |Z| <1.96
H.: pyy # 0 =» Reject H, if |Z| >1.96

Since Z=-24.46, we reject H, ... so it appears that in the
population X and Y are correlated



Inferences About Slope (5,,)



Inferences About Slope (Byy)

State the null (H,) and alternative (H,) hypotheses

Ho: Byx =0
Hi: By 20

This is normally a two-sided test, although it needn’t be



Inferences About Slope (Byy)

Check that the sample data conform to basic assumptions;
if they do not, then do not go any further

The assumptions of the regression model described earlier
must hold for hypothesis tests about 3, to be valid



Inferences About Slope (Byy)

Choose an a probability level ... that is, a probability
associated with incorrectly rejecting the null hypothesis

Let’s go with a=0.05



Inferences About Slope (Byy)

Determine the “critical value” ... that is, how large the test
statistic must be in order to reject the null hypothesis at the
given o level

Because we are using sample-based estimates of the
variability in the sampling distribution of by, we will
conduct a t (instead of a Z) test

Because MS;xror has n-2 degrees of freedom, we will select
a critical value of t with df=n-2

For a two-sided test with =0.05 and n-2=2,997 degrees of
freedom, the critical value t*=1.962



— r4d 0.674 0.841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291

Table entry for p and Cis Probability p
the critical value t* with
probability p lying to its
right and probability C lying
between —t* and t*. "

TABLE D

t distribution critical values

Up;r—tail probability p

15 .10 .05 K.OZD .02 .01 .005 .0025 .001 .0005

=%
=
)
w
[
(=]

1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
0.816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
0.765 0.978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
0.741 0.941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
0.718 0.906 1.134 1.440 1.943 2.447 2612 3.143 3.707 4317 5.208 5.959
0.711 0.896 1.119 1.415 1.895 2.365 2517 2.998 3.499 4.029 4.785 5.408
0.706 0.889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4501 5.041
0.703 0.883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 0.700 0.879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 0.697 0.876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4437
12 0.695 0.873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4318
13 0.694 0.870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4221
14 0.692 0.868 1.076 1.345 1.761 2.145 2.264 2.624 2977 3.326 3.787 4.140
15 0.691 0.866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 0.690 0.865 1.071 1.337 1.746 2.120 2.235 2.583 2921 3.252 3.686 4.015
17 0.689 0.863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 0.688 0.862 1.067 1.330 1.734 2.101 2214 2.552 2878 3.197 3.611 3.922
19 0.688 0.861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 0.687 0.860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 0.686 0.859 1.063 1.323 1.721 2.080 2.189 2,518 2.831 3:135 3.527 3.319
22 0.686 0.858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 0.685 0.858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 0.685 0.857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 0.684 0.856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 0.684 0.856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 0.684 0.855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 0.683 0.855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 0.683 0.854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.39 3.659
30 0.683 0.854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 0.681 0.851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2.971 3.307 3.551
50 0.679 0.849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 0.679 0.848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 0.678 0.846 1.043 1.292 1.664 1.990 2.088 2374 2.639 2.887 3.195 3.416
100 0.677 0.845 1.042 1.290 1.660 9&4 2.081 2.364 2.626 2.871 3.174 3.390
1000 0.675 0.842 1.037 1.282 1.646 m 2.056 2.330 2.581 2.813 3.098 3.300
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Inferences About Slope (Byy)

X =489 sy =343
Y =421 sy=389

Calculate the test statistic

icti - «=—042 R%, =0.18
The test statistic t with df=N-2 equals: a YX

a = 65.6 b

byy— 0 byy—0 yx = — 0.48

th-2 = st
\/ MSET'T'OT

In our example:
SSRegression/l . MSRegression . 816:588/1

1,n-2 SSgrror /N — 2 MSgrror 3,720,015/2997
- —N6-7 -256

T v
Q P pPE)




Inferences About Slope (Byy)

X =148.9 sx=34.3
Y=1421 sy =389
ryx = —0.42 R§y = 0.18

Calculate the test statistic

The test statistic t with df=N-2 equals:

th—2 = bYX_O — bYX_O a=65.6 byx =—0.48
n—
Sb MSET‘T‘OT‘
(sx)(n —1)
In our example:
F _ SSRegression/l . MSRegression . 816'588/1 — 657
1,n-2 SSgrror /N — 2 MSgrror 3,720,015/2997

—0.48-0

~ [3,720,015/2997
(34.32)(2,998)

tn—z




Inferences About Slope (Byy)

Compare the test statistic to the critical value

— If the test statistic is larger than the critical value, then reject H,

— If the test statistic is less than or equal to the critical value,
then do no reject H,

We can restate the hypotheses:
Hy: Byy = 0 = Fail to reject H, if |t| <1.96
H,: By # 0 =» Reject H, if |t]| >1.96

Since t =-25.6, we reject H,



Confidence Intervals for B,



Inferences About Slope (Byy)

Using the sample estimate (b,) of 3,y and the standard error
of the sampling distribution of B,y (above), we can compute

confidence intervals for B,y
The standard error is:
s, = MSERROR
(sx)(n—1)
So the confidence interval can be expressed as:

MSERROR
CL=b, +t
L J(S§)(n —1)



Inferences About Slope (Byy)

For our example, a 95% confidence interval would be:

X =48.9 sy = 34.3

MSERROR _
ClL.=b; +19 Y = —
1 (ﬂ\/ -1 Y =421 sy =389

ryx = —0.42 R§y = 0.18

‘\r]g; \ 0“9/1 \S j 7\) / \y/—z-/o\‘\p a=065.6 byx =—0.48
7\} SXZ/’\ Ay 7 MSgrror = 1,241.24

— Ng2 )%/
I (¢



Inferences About Slope (Byy)

For our example, a 95% confidence interval would be:

S X =489 sy =343
ERROR _
ryx = —0.42 R§y = 0.18
1241.24 a=0656 by =-048
ClL.=-0.48 1+ 1.96
- (34.32)(2,999 — 1) MSgrror = 1,241.24

C.IL. =-0.48 £+ 0.037

CI.=-0.517to — 0.443



Standardized Regression Coefficients



Standardized Coefficients (B*y)

For a variety of reasons researchers often like to express the
slope of the regression line in standardized terms

This is useful when:

The metric of X is in an arbitrary scale, or a scale that is not
intrinsically meaningful

We want to better understand the magnitude of the association
between Xand Y

Instead of asking...

“How many units does Y change as a result of a one unit change in X?”

we might ask,

“How many standard deviations does Y change as a result of a one
standard deviation change in X?”



Standardized Coefficients (B*y)

The standardized slope, or beta coefficient (or beta weight)
is expressed as

Byx = (byx) (2%)

In bivariate regression, the standardized slope thus equals

the correlation, ryy. In our example: X =489 sy = 34.3

Y =421 sy=2389

—_ 2 _
Byx = (—0.48) (ﬁ> = —0.42 ryx = —0.42 Ryx = 0.18

a=656 by, =—048

MSg,or = 1,241.24



