Comparing Two Populations
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Comparing Two Populations TF

A women’s activist group wants to “prove” that women do not get paid as much per year as men.
They hire a business analyst to test their theory. The business analyst takes a random sample of 87
professional working women and determines that the sample average annual salary per person is
Rs.3,35,200. Assume that the standard deviation for this population is Rs.1,10,000. She also takes a
random sample of 76 professional working men and determines that the sample average annual
salary per person is Rs.5,72,700. Assume that the standard deviation for this population is
Rs.1,70,000. Using these data, a = 0.001, test the hypothesis that women do get paid less per year

than men.
Are the two samples coming from the same population or different populations?
Each sample X is distributed around its population mean u (Central Limit Theorem)

If the two samples are from the same population, there will not be statistically significant difference

between their meansie.u,=u,
Thus,
Hottt 1=, =0

Hitpy =1, <0



Comparing Two Populations

o, =110000; g, = 170000
X, =335200; X, =572700
n,=87,n,=76
a=0.001
Hottb1—1,=0
Hytp =4, <0
Since o is known = Use Normal Distribution

(X_l_X_Z) — (W — M)

2 2
of L 0%
npy N

~ (335200 — 572700) — (0)

\/1100002 N 1700002
87 76

= —10.42

Z




Comparing Two Populations LF
a =0.001

Hot 1= 4, =0

Hyipy =4, <0

~ (335200 — 572700) — (0)

J1100002 N 1700002
87 76

= —10.42

Z

Critical Z value = - 3.09 = Z Value calculated from the data is to the left of the

critical Z value = Reject H,
P(Z <-10.42) < a = Reject H,

Conclusion: Annual Salary paid to women is less than that paid to men. The

difference is statistically significant.



Comparing Two Populations LF

Critical Value Method:

Critical Z value = - 3.09

For this critical value the critical value for X1 — X2 can be calculated as:

_ 1100002 1700002
(X —X2) =0-309 |[———+——— = ~704184

As per data: X, — X, =-237500 which is to the left of -70418.4 - Reject Null

Can also be solved constructing a confidence interval around p;, —u, =0



Comparing Two Populations

Rejection region

7.“0| = —3.08
<+—Qbserved z =-10.42

z=0.0

. r‘.l — -\’2 = --237500

2O
’4&“ R



Population o unknown 2R

A coffee manufacturer is interested in estimating the difference in the average daily coffee
consumption of regular-coffee drinkers and decaffeinated-coffee drinkers. Its analyst randomly
selects 13 regular-coffee drinkers and asks how many cups of coffee per day they drink. He
randomly locates 15 decaffeinated-coffee drinkers and asks how many cups of coffee per day they
drink. The average for the regular-coffee drinkers is 4.35 cups, with a standard deviation of 1.20
cups. The average for the decaffeinated-coffee drinkers is 6.84 cups, with a standard deviation of
1.42 cups. The analyst assumes, for each population, that the daily consumption is normally
distributed, and he constructs a 95% confidence interval to estimate the difference in the averages

of the two populations.

X,=4.35;X,=6.84;S,=1.20;S,=1.42

n,=13;n,=15
a =0.05
o unknown;

Population is normally distributed

Use t-distribution



Population o unknown iy

X,=4.35;X,=6.84;S,=1.20; S, =1.42
n,=13;n,=15
a =0.05

If o, and o, are equal: . (21 — Z2) — (11 — p2)

si(ni — 1) + Sz(nz — 1) /
ni + ng —

df=n1—|—n2—2

If o, and o, are not equal:

2
T — o) — (1 — ni ne
i (1 — x2) — (1 — p2) df— : :
2 2 2 2
N1 o n na
_|_

n1—1 n2—1



Population o unknown 2

X,=4.35;X,=6.84;S,=1.20;S,=1.42

n,=13;n,=15
@=0.05 I s2(n1—1)+si(na—1) [1 1

(21— %) — ¢ 5 + — < — 2 <
Using Confidence Intervals: n1+ng — ny o e

PN cos e e

ny + ng — 2 ny )

df =n; +ng — 2
For s known: df = 26, t0.025, 26 = 2.056

Confidence Interval: -3.52 < u, — u, <-1.46

The researcher is 95% confident that the difference in population average daily
consumption of cups of coffee between regular- and decaffeinated-coffee drinkers
is between 1.46 cups and 3.52 cups. The point estimate for the difference in

population means is 2.49 cups, with a margin of error of 1.03 cups.
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Population o unknown 2R

At the Haribhai Manufacturing Company, new employees are expected to attend a three-day
seminar to learn about the company. At the end of the seminar, they are tested to measure
their knowledge about the company. Management decided to experiment with a different
training procedure of training new employees in two days by using pre-recorded training
videos and having no question-and-answer session. If this procedure works, it could save the
company lakhs of rupees over a period of several years. However, there is some concern
about the effectiveness of the two-day method, and company managers would like to know

whether there is any difference in the effectiveness of the two training methods.

To test the difference in the two methods, the managers randomly select one group of 15
newly hired employees to take the three-day seminar (method A) and a second group of 12
new employees for the two-day pre-recorded videos method (method B). Table below shows
the test scores of the two groups. Using a = 0.05, the managers want to determine whether
there is a significant difference in the mean scores of the two groups. They assume that the
scores for this test are normally distributed and that the population variances are

approximately equal.



Population o unknown

At the Haribhai Manufacturing Company...

Method A Method B
56 50 52 44 52 59 54 55 65
47 | 42 | 47 | 51 | 53 | 52 | 57 | 64 | 53
42 45 43 48 44 53 56 53 57
t-Test: Two-Sample Assuming Equal Variances

Variable 1 = Variable 2

Mean 47.7333333 56.5
Variance 19.4952381 18.2727273
Observations 15 12
Pooled Variance 18.9573333
Hypothesized Mean Difference 0
df 25
t Stat -5.1987657
P(T<=t) one-tail 1.1152E-05
t Critical one-tail 1.70814076
P(T<=t) two-tail 2.2303E-05
t Critical two-tail 2.05953855




Population o unknown

When the two populations are dependent:

Examples:
Before and after studies

Survey on siblings, spouses, etc.

d —D
t =

Sd_

vn
df=n—-1

n = number of pairs
d = sample difference
d = sample mean difference

D = population mean difference

sq = standard deviation of sample difference




Paired Sample t-test 25

A stock market investor is interested in determining whether there is a significant
difference in the P/E (price to earnings) ratio for companies from one year to the
next. In an effort to study this question, the investor randomly samples nine

companies from the BSE and records the P/E ratios for each of these companies at

the end of year 1 and at the end of year 2. Company | Year 1P/E | Year 2 P/E
1 8.9 12.7
t-Test: Paired Two Sample for Means
2 38.1 45.4
Variable 1  Variable 2
Mean 30.6444444 35.6777778 3 43.0 10.0
Variance. 268.135278 837.544444 4 34.0 27.2
Observations 9 9
Pearson Corr 0.6743572 5 34.5 22.8
Hypothesizec 0
df 8 6 15.2 24.1
t Stat -0.6990947
P(T<=t) one-' 0.25215353 7 20.3 32.3
t Critical one 1.85954804
P(T<=t) two- 0.50430706 8 19.9 40.1
t Critical two 2.30600414 9 61.9 106.5




Comparing Population Proportion&s®

(P1—Py) — (P1—p2)
\/ (5-9) (nil " niz)

Where,

z1+x2  Mip; t+ N2Py

ny + neg n1 + n2

g=1-p



Comparing Population Variance

Percentage Points of the F Distribution

F = L

dfnumerator = Y ny — 1

|
S
V)

I
S
Do

I
-

dfdenominator

F distribution for df, = 6 and df, = 30
Excel Formula

=F.DIST.RT(F value, vy, v,)
=F.INV.RT(a, v,, V,)

Uz

a=.10

Numerator Degrees of Freedom

2

vi| 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40
1 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86 60.19 60.71 61.22 61.74 62.00 62.26 62.5!
2 853 9.00 916 924 9.29 9.33 9.35 9.37 9.38 939 9.41 942 9.44 9.45 946 9.4
3 554 546 539 534 531 528 527 525 524 523 522 520 518 518 547 5
4 454 432 419 411 4.05 4.01 398 3.95 3.94 3.92 390 3.87 3.84 3.83 3.82 3.8(
5 406 378 3.62 352 345 340 337 334 3.32 330 3.27 3.24 321 319 347 3.1
6 378 3.46 3.29 318 311 3.05 3.01 298 296 294 290 2.87 2.84 282 280 27
7 3.59 3.26 3.07 2.96 2.88 283 278 275 2.72 270 267 2.63 2.59 2.58 256 25
8 346 311 292 2.81 273 267 262 259 2.56 2.54 2.50 246 242 240 2.38 23!
9 3.36 3.01 281 269 2.61 255 251 247 244 242 238 234 2.30 228 225 2.2
10 3.29 292 273 261 252 246 241 238 235 232 228 224 220 218 216 2.1
1 3.23 2.86 266 2.54 2.45 2.39 2.34 2.30 2.27 2.25 221 217 212 210 2.08 2.0
12 318 2.81 261 248 239 233 228 224 221 219 215 210 2.06 2.04 2.01 1.9
a=.025
Numerator Degrees of Freedom
Uy 1 2 3 4 5 6 L4 8 9 10 12 15 20
1 647.79 799-48 864.15 899.60 921.83 937.11 948.20 956.64 963.28 968.63 976.72 984.87 993.08 9
2 3851 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.39 39.40 39.41 39.43 3945
3 17.44 16.04 1544 1510 14.88 14.73 14.62 14.54 14.47 14.42 14.34 14.25 1417
4 1222 10.65 9.98 960 9.36 920 907 898 8g9o0 884 875 866 856
5 1001 843 776 739 715 698 685 6.76 668 6.62 652 643 633
6 8.81 726 660 623 599 582 570 560 552 546 537 527 517
7 807 654 589 552 529 512 499 490 4.82 476 467 457 447
8 757 6.06 542 505 482 4.65 453 443 4.36 430 4.20 410 4.00
9 721 571 508 472 448 432 4.20 410 4.03 396 387 377 3.67
a=.05
Numerator Degrees of Freedom
vy 1 2 3 4 5 6 - 8 9 10 12 15 20
1 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 241.88 243.90 245.90 248.00
2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40 19.41 19.43 19.45
3 1013 955 9.28 912 901 894 889 885 881 879 874 870 8.66
4 771 6.94 659 639 626 616 6.09 604 600 596 591 586 580
5 6.61 579 541 519 505 495 488 482 477 474 468 462 456
6 599 514 476 453 4.39 428 421 415 410 406 400 394 387
7 559 474 4.35 412 397 387 379 3.73 3.68 3.64 357 351 344
8 532 446 407 384 369 358 350 344 339 335 328 322 315
9 512 4.26 386 363 348 337 329 323 318 314 3.07 3.01 294
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