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[20 points] (Labor Supply) Steve maximizes his utility over leisure (M) and eansumption (C) given the following

L

utility function:
B(C,N)=1InC +in N
subject to the following constraints:
H=1-N and
E=wH+Y ™,

where H is the hours of work per day (divided by 24 hours), w is the wage rate, and Y* is his unearned income.

a. [5 points] Discuss the effects of an increase in Y* on labor supply and consumption.

b. [5 points] Discuss the effects of an increase in w on labor supply and consumption.

c¢. [5 points] Suppose the government imposes a tax rate, 7, on his wage income, discuss the effect of an
increase in 7 on his labor supply and consumption.

d. [5 points] Suppose the government also imposes a tax rate, e, on his consumption, discuss the effect of an .

increase in o on his labor supply and consumption.
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4. [15 points] (Labor Demand) Sam wanted to open a caramel apple business and knows that the going price for
caramel apples is $5. After studying the production process, he determined that the productivity of workers was

given by the following table (blank columns are included for your convenience). Please be sure the logic for vour
answers is clear.

2ATA(R) % =&

Workers —Total apples’hour
0 0
1 6
PR,
Ry
7

18 =
20

a. [5 points] Assume that Sam is operating in a perfectly competitive labor market and the going wage for
caramel apple work is/$13/hour. How many workers should Sam hire for his business? Why?

b. [10 points] Now assume that Sam is operating in a labor market where he faces an upward-sloping labor

supply curve. The labor supply sehedule is provided below (with blank celumns for your convenience).

Suppose Sam is a non-diseriminating monopsonist, how many workers should Sam hire for his business?
What wage should he pay? Why?

S : o

[ Workers N I A S/
U oy |
1 10 ] |
2 11 | |
3 12
4 13
5 14

5. [15 points] (Minimum Wage) Use graphical analysis to explain why it is possible that placing a minimum

wage on a monopsonist could increase employment.
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Multiple Choice (2 point each)

Michelle grows apples and catches fish. Last year she harvested 1500 apples and 600 fish. She values one
fish as having a worth of three apples. She gave James 300 apples and 100 fish for helping her to harvest
apples and catch fish, all of which were consumed by James. Michelle set aside 200 fish to help with next
year's harvest. In terms of fish, consumption would equal
(A) 700 fish. (B) 900 fish. (C) 1100 fish. ( D) 2700 fish.

What is the unemployment rate if there are 180 million people employed, 6 million people unemployed, and
14 million not in the labor force?

(A) 3.00% (B) 3.23% (C)3.33% (D) 3.65%

In forecasting consumer spending using surveys of consumer confidence, research suggests that

(A) the forecasts are not improved when using consumer-eenfidence measures.

(B) the forecasts are improved when using eénsumer confidenece measures.

(C) the forecasts are improved when using consumer confidence measures for forecasts made during
recessions, but not expansions.

(D) the forecasts are not improved-when using consumer confidence measures for forecasts made during
expansions, but not recessions.

. An increase in the price of capital goods will

(A) increase the expected future marginal product of capital.

(B) reduce the expected future marginal product-of capital.

(C) increase the interest cost and the depreciation cost of capital.

(D) increase the interesticast but not aftect the depreciation cost of capital.

. Suppose output is $25 billion, govemment purchases are $9 billion, desired consumption is $12 billion, and

desired investment is $6 billion. Net foreign lending would be equal'to
(A) -$4 billion. (B) -$2 billion. (C) $2 billion. (D) $4 billion.

According to the Solow model, an increase in-the capital-labor ratio will

(A) always reduce steady-state consumption per worker:

(B) always increase steady-state consumption per worker.

(C) reduce steady-state consumption per worker if the capital—labor ratio is below the Golden rule capital
stock.

(D) increase steady-state consumption per worker if the capital—labor ratio is below the Golden rule capital
stock.

If rcal income rises 4%, prices rise 1%, and nominal money demand rises 4%, what is the income elasticity
of real money demand?

(A) 3/4 (B) 4/5 ()1 (D)5/3

if the asset market is to remain in equilibrium, then if the money supply increases, output is unchanged, the
price level is unchanged, and the expected inflation rate is unchanged, then

(A) the real interest rate must rise. (B) the real interest rate must decline.

(C) the nominal interest rate must rise. (D) the inflation rate must rise.

The Conference Board Leading Economic Index (LEI) for US includes 10 data series that are used to
forecast economic activity about in advance.
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(A) one month (B) six to nine months (C) one to two years (D) five to ten years
10. Which of the following is frue?
(A) Employment is procyclical and unemployment is coincident with the business cycle.
(B) Industries that are extremely sensitive to the business cycle are the capital goods and nondurable goods
sectors.
(C) Nominal interest rates are procyclical and leads the business cycle.
(D) Research on the effects of recessions on the real level of GDP shows that recessions cause both temporary
and permanent declines in real GDP, but most of the decline is temporary.

11. Which of the following is true?

(A) Based on the sticky-price model, the short-run _aggregate supply curve will be steeper, the greater the
proportion of firms with flexible priges

(B) According to the sticky-wage model, an unexpected increase in the price level raises the real wage,
increases the quantity of labor.hired, and increases the quantity of output produced.

(C) The imperfect-information.model bases the difference in the short-run and long-run aggregate supply
curve on procyclicalreal wages.

(D) The sticky-wage model predicts that the real wage is proeyclical and data indicate that the real wage in
the United States is countercyclical.

12. Which of the following is frue?

(A) A speculative atiack on a currency occurs when a central bank adopts a currency board to back the
domestic currency with a foreign currency.

(B) If short-run equilibrium in the Mundell-Fleming model is represented by a graph with Y along the
horizontal axis and théxexchangelrate along the vertical axis, then the LM* curve is vertical because the
exchange rate does not enter into the LM* equation.

(C) Assuming there is perfect capital mobility, compared to a large open economy, a small open economy is
one in which the exchange rate is floating:

(D) If the exchange rate of currency A is fixed to.a unit of currency B, then a potential problem for the central
bank in charge of currency A 18 running out of currency A.

13. Which of the following is frue?

(A) In the Keynesian model in the [ofigrama decrease ifrthe-meoncy supply will cause no change in the real
interest rate and a decrease in the price level.

(B) In the Keynesian model in the long run, an increase in taxes causes the price level to fall and the real
interest rate to rise.

(C) Keynesians explain the procyclical behavior of average labor productivity by introducing the concept of
menu costs.

(D) In the efficiency wage model with the efficiency wage above the market-clearing wage, when
employment is at its full-employment level therc is an excess demand for labor.

14. Which of the following is false?
(A) Other things being equal, an increase in the effective tax rate on capital would cause the IS curve to shift
down and to the left.
(B) The Federal Reserve has increased the money supply to avoid a recession. For a given price level, you
would expect the LM curve to shift down and to the right as the real money supply rises.
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(C) Other things being equal, the IS-LM model predicts that a temporary benefieial supply shock increases
output, national saving, and investment, but not the real interest rate.
(D) An increase in taxes (when Ricardian equivalence doesn't hold) causes the real interest rate to fall and

the price level to rise in general equilibrium.

15. Which of the following is false?

(A) A temporary adverse productivity shock would decrease the level of employment.

(B) An adverse supply shock would directly decrease labor productivity by changing the amount of output
that can be produced with any given amount of capital and labor. It would also indirectly increase average
labor productivity through changes in the level of employment.

(C) One important reason why the Solow residual may be strongly procyclical even if the actual technology
used in production doesn't change 1s thatsefiploymentsis procyclical.

(D) Prescott's calibrated RBC model was able to match the'data in terms of the correlation between many
key macroeconomic variables and/GNP; that is, in terms of how closely they moved with GNP over the
business cycle.

16. Which of the followingis faise?

(A) Advocates of passive policy argue tharbecause monetary and fiscal policy lags are long and variable
these policies should not be used to ofiset shocks.

(B) If people's expectations of inflation are formed rationally rather than based on adaptive expectations and
if policymakers make a credible policy move to reduce inflation, then the costs of reducing inflation will
be much lower than traditional estimates of the sacrifice ratio.

(C) Policy is conducted by rule if policymakers announce in advance how policy will respond to various
situations and commit themselves to following through on this announcement.

(D) An argument in faver of allowing discretionary macroeconontic, policy is that policymakers may make
erratic shifts in policy in responscito changing political situations.

17. Which of the following is false?

(A) The relationship between short-run aggrepatesupply curves and Phillips curves is that there is exactly
one Phillips curve corresponding to each short-run aggregate supply curve.

(B) Based on the Phillips cugve, unexpected movements in inflation are related to unemployment and based
on the short-run aggregate supply curve, uncxpected movements in'the price level are related to output.

(C) Inflation inertia is representedwin.the-agfregate “supply. and”aggregate demand model by continuing
upward shifts in the long-run aggregate supply curve.

(D) According to the natural-rate hypothesis, fluctuations in aggregate demand affect output in only in the
short run.

18. The reason that the income response to a fiscal expansion is generally less in the /S-LM model than it is in

the Keynesian-cross model is that the Keynesian-cross model assumes that:

(A) investment is not affected by the interest rate whereas in the 1S-LM model fiscal expansion lowers the
interest rate and crowds out investment.

(B) investment is not affected by the interest rate whereas in the IS-LM model fiscal expansion raises the
interest rate and crowds out investment.

(C) investment is autonomous whereas in the 15-LM model fiscal expansion encourages higher investment,
which raises the interest rate.

(D) the interest rate is fixed whereas in the IS-LM model it is allowed to vary.
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19. In the classical model, a temporary decrease in government spending would cause a decrease in
(A) output, employment, the real interest rate, and the price level.
(B) output, employment, real wages, and the price level.
(C) output, the real interest rate, real wages, and the price level.
(D) employment, the real interest rate, real wages, and the price level.

20. The Fed's forward guidance in late 2012 through mid-2015 was {ramed in terms of keeping interest rates
low
{A) until the next Presidential election.
(B) at least until a particular date in the future.
(C) for an extended period.
(D) based on outcomes for the unemployment rate and inflationirate.

II.  Analytical Questions (60 points in total)
1. (10 points) In the Keynesian model, suppose the Fed sets.a target for the real interest rate. Describe how
the real interest rate changes in a Keynesian model if a decrease in the effective tax rate on capital causes

he movement of the IS /curve and the Fed changes its policy to keep output unchanged.

2. ERUBWEWIG - @R REROE ) o (GRTSEQREE I - STEERE AR SR - 5
BEERS SR RN LB R R
(1) - (SRR ET0 N RERET NS 1 RFaniines K HHEATEEIRR - (155)
2) - SIEEEETHIBAIIS-LMEEEL s RE: [ T HIE ISR R 2 (109)

=13
It

3. TR (YRR RS K- AR R a s Ry B Re A
MR Y, =V, —a(n 5 p) + &
Fisher JTRE\, : rp = i, — Eymy i
Phillipsglié® : m, = E,_,m; + @Y, =¥+,
R ER iy =+ p + 6, (m — 1) + 6y(V; = V)
Hep Y 2EMES  VEBARDAKE  nB2EEFER  ofilv, IR E R4t my ik 1
?E‘ Cap -~ MR RINENSE Etnt-o TAREC RS + 10 SR RRGITRR - 04 > EE

BERERI TR TR © Epoamy = 1oy » SEFIFR EARERI[E AT HIRIRE ¢

(1) - FFR %Y /ﬂﬁﬂmﬂ’b&ﬂﬁi"]ffﬁ@i{% HAS M - (109))
2) SV, =100 -m;=2-a=1-p=2-¢0=025-6,=6, =05¢ 1E:L'Lfﬁ%_ﬁﬁf‘)ﬂﬁﬁfﬁ%:}:?§vttH
DI - MRS R 1% > 2 & DE E0RYEE - RISEFIFE LY, « BEEARr, - EEFBnf
et b RN - CIRrIE SR I s E(impulse response fuﬂCthllS)%ﬁUﬁ )7 BEEE
TR TSRS S R R B AGES IR A - (1557)




BLEieR% 109 244 AL BB AREN 24 FRRE

% £PR

# % # 8 VR - % Fr 3 Uy AFR&EM 2A/78&F) % wH

1. (20%) The owners of the Happy Mall wished to study customer shopping habits. From earlier studies, the owners
were under the impression that a typical shopper spends 0.75 hour at all the mall, with a standard deviation off
0.10 hour. Recently the mall owners added some specially restaurants designed to keep shoppers in the mall
longer. The consulting firm, Brunner and Swanson Marketing Enterprises, was hired to evaluate the effects o
the restaurants. A sample of 45 shoppers by Brunner and Swanson revealed that the mean time spent in the mall
had increased to 0.80 hour. Suppose the mean shopping time actually increased from 0.75 hour to 0.79 hours.
What is the probability of making a Type 1I error?

2. (30%) The following output was obtained fromi"a multiple*regression analysis.

Analysis of Variance .
Source | Disul SS
Regression 1 f 4 * = 100
'Residual Eror ‘ § 20 4 >
Total I Y/ 1 Lo
Predictor . Eoefﬁcient ISE Coefficient
Constant _ BN \Y 150
o [a0hN] i
x2 | | B00L . 020
xs | \020 20,05,
P 1,00
xs | 3.00] 4,00
(1) (15%) Conduct a global test of hypothesis to determine whether any of the regression coefficients are
significant. State null and alternate hypotheses. Identify the test statistic, and formulate a decision rule. Use
the 0.05 significance level.
(2) (15%) Test the regression coefficients individually. Would you consider omitting any variable(s)? If so,
which one(s)? Use the 0.05 significance level.

3. (20%) Shank’s Inc., a nationwide advertising firm, wants to know whether the size of an advertisement and the
color of the advertisement make a difference in the response of magazine readers. A random sample of readers
is shown ads of four different colors and three different sizes. Each reader is asked to give the particular
combination of size and color a rating between 1 and 10. Assume that the ratings follow the normal distribution.
The rating for each combination is shown in the following table (for example, the rating for small red ad is 2).
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SizeofAd  Red  Blue  Orange  Green
Small 2 3 3 8
Medium 3 5 6 7
Large 6 7 8 8
Is there a difference in the effectiveness of an advertisement by color and by size? Use the 0.05 level of
significance.

4. (15%) The production manager of MPS Audio Systems Inc. is concerned about the idle time of workers. In
particular, he would like to know.if'there is a difference in the idle minutes for workers on the day shift and the
evening shift. The information below is the number of idle minutes yesterday for the five day-shift workers
and the six evening-shift workers. Use the 0:05 significance level.

DayShifi | Evening Shift-,

92 96

103 114

116 80

81 82

.y 88
! 0]

g

. (15%) An investigation of the effectiveness of an antibacterial soap in-reducing operating room contamination

resulted in the accompanying table. The new soap was tested it a sample of eight operating rooms in the greater

Seattle area during the last year. The following table reports the contamination levels before and after the use of
the soap for each operating room.

] Operating Room
A B C D | E F G H
Before | 66 | 65 | 9.0 | 103 l 112 | 81 | 63 | 116
Afir | 68 | 24 | 74 | 85| 81| 61 | 34 | 20

At the 0.05 significance level, can we conclude the contamination measurements are lower after use of the new

soap?
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B.3 Areas under the Normal Curve

Example:
f 2= 1.96, then
P(0 to 2) = 0.47504

z2— [v] 1.96

z 0.00 0.01 0.02 003 0.04 0.05 0.06 0.07 0.08 Y
0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0:0279 0.0319 00358
0.1 0.0388 0.0438 0.0478 0.0517 0.0557 0:0596 0.0636 0 0675 0.0714 - 0.0753"
02 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1747 -
0.3 0.1179 0.1217 0.1255 0.1293 0.132% 0.1388 0.1406 0.1443 0.1480 [0:13817
0.4 0.1554 0.1597 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 01878
05 01915 0.1850 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2228
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517.. 0.2543
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.31886 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389
1.0 0.3413 0.3438 0.3461 0.3485 0.3508 9.3531 0.3554 0.3577 0.3589 ¥ Das' 21-')
13 0.3843 0.3685 0.3686 0.3708 0.3728 0.3749 0,3770 0.3790 0.3810 0.3830
1.2 D.3849 0.3869 0.3R88 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4018
1.3 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 Qa1 0.4147 0.4162

1.4 0.4192 0.4207 0.4222 0.4236 0.4251 0.426% 04279 0.4292 0.4306

1.5 0.4332 0.4345 0.4357 0.4370 D.4382 0.4394 0.4406 04418 0.4429

1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0/4515 0.4525 0.4535

1.7 0.4554 0.4564 0.4573 0,4582 0.4591 04599 0.4608 0.4616 0,4625

1.8 0.4641 0.4848 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699

1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 04756 0.4781

2.0 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812

2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854

2.2 0.4861 0.4864 0.4868 0.4871 0:4875 0.4878 0.4881 0.4884 0.4887

23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4908 0.4909 0.4911 04913 - 16
2.4 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 . 4036
2.5 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4981 .495
26 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.4966 0.4967, 0.4868 0.4969 0 4970 0.4871 0.4972 0.4973 0:4974
2.8 0.4974 0.4875 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4881,
29 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.49885 0.4985 0.49886 0.4956.‘.
3.0 | o0.a987 04087 04987 04988  0.4988 '0.4988 04988 04989 04990
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B.5 Student’st Distribution

-
DwE~ND AN =

-
-

P i
<3 m'ﬁma,”:.’ Som~Nd hEWN

28

29

30

31 J v

32 1.308 1.684 2.037 2.448 2.738 3.622
a3 1.308 1.682 2.035 2.445 2.733 3611
34 1.307 1.691 2.032 2.441 2.728 3.601
35 1.306 1.690 2.030 2.438 2.724 3.591

0.01
2719
2715
2772
2,708
2.704

2.701
2,698
2.695
2892
2,630

2.687
2,685
2682
2680
2.678

2676

67 | 1.294 1.668 1.986 2.383 2.651 s
68 | 1294 | 1668 1.995 2.382 2,650 g
69 1.294 1667 1.885 2382 2648 3-435
70 1.294 1.667 1.994 2.381 2.648 3.
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B.5 Student’s t Distribution (concluded)

conﬁ_ﬂe_qce intervals, ¢ = Cohfldence_ Intervals, ¢
7 80% | 90% | 9% | 88% J|oee% | 099% 80% | ®0%. | 95% | 8% | ®9% | 90.8%
z Leve! of Siuniﬂciqce for One-Tailed Test, o Level of Significance lur_ One-Tailed Test, o
ot 010 | 065 | 0025 | oot | 0005 | 00005 ar | 1o | 005 | 0025 | o001 | ooos | 00005
; Level of Siunl[lcance for Two-Tailed Test, « Level of Significance for Two-Talled Test, o
i 0.20 0.10 0.05 0.02 0.01 0.001 0.20 0.10 0.05 0.02 0.01 0.001
i 7| 1294 | 1667 1.994 2.380 2.647 3433 89 | 1.291| 1.862 1.987 2.369 2.632 3.403
72 | 1293 | 1.686 1.993 2.379 2,646 3.431 90 | 1.201 [\ 1662 1.987 2.368 2.632 3.402
73 | 1203 | 1.666 1.993 2.379 2.645 3.429
f7a | 1.293 | 1.666 1.993 2.378 2684 | 3427 91 | 1291 '1.662 | 1.986 | 2388 | 2631 3.401
i'75 | 1203 | 1.665 1.962 2.377 2643 | 3425 92 | 1201 | 1.862 1.886 2.368 2630 3.399
H 93 | 1201 | 1661 1.986 2.367 2.630 3.398
76 | 1.293 | 1.665 1.092 2.376 2642 3,423 04 | 1201 | 1.661 1.986 2.367 2.629 3.397
7r | 1203 | v.665 1.991 2.376 2641 3,421 g5 | 1291 | 1.661 1.985 2.366 2.629 3.396
F:_n | 1202 1.665 1.991 2.375 2.640 3.420
79 | 1292 | 1.664 1.990 2,374 26840 | 3.418 96 | 1290 | 1.66 1:985 2.366 | 2.628 3.395
# 80 |’ 1.202 1.664 1.980 2.374 2 639 3.416 a7 1.280 1.661 1.985 2.365 2.827 3.394
15 98 | 1.200 | J1.661 1.984 2.365 2.627 3393
Ca | 1202 | 1.664 1.990 2.373 2.838 3.415 99 | 1.290 |/ 1.660 1.884 2.365 2,626 3.392
g2 | 1292 | 1664 1.989 2.373 2.637 3.413 100 | t.290f 1.660 1.984 2.364 2626 3.390
83 |.1292 | 1663 1.989 2.372 2.636 342
“4.292 1.863 1.989 2372 2.636 2.410 120 1.289 1.658 1.980 2.358 2617 3.373
“1:1.292 1.663 1.988 2371 2.635 3.408 140 1.288 1.656 1.977 2.353 2611 3.361
160 | 1.287 | 1.654 1975 2.350 2.607 3.352
‘86 | 1.29 1.663 1.988 2.370 2.634 3.407 180 1286 | 1.853 1,973 2.347 2.603 3.345
[4. 87 | 1.291 1,663 1.988 2.370 2.634 3.406 200 | 1.286 | 1.653 1.972 2.345 2.601 3.340
a8 |1.201 1.662 1.987 2.369 2.633 3.405 = | 1282 | 1645 1.960 2.326 2.576 3.291
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.6B Critical Values of the F Distribution (« = .01)

&

/“" 01
0 [
" ‘__‘ Degress of Freedam for thq I*!_umerator _-_ -

1 2 _g_T 4 5 GESF Zo 8 | T WS 15 20, | 24 30 40
1 4052 | 5000 | 5403 |/'5625 | 5764 | 5859 | 5s28 | 5981 | 6022 | 60856 | B106 | 6157 | 6209 | 6235 | 6261 | 6287
2 98.5 99.0 89.2 | 99.2 | 893 99.3 Y 99.4 894 | 994 | 89.4 1 09.4 89.4 | 99.4 | 895 | 995 99.5
3 34.1 30.8 295 | 287 | 282 279 | 27.7 27.5 27.3 l 27.2 271 26.9 | 26.7 266 | 265 264
4 21.2 i8.0 16.7, 16.0 15.5 #®2 | 150 14.8 14.7 145 | 4.4 14.2 140 | 1139 13.8 137
5 16.3 13.3 12.1 11.4 11.0 | 107 | 105 10:3 102 I 10.1 083 | 9,72 | 9.55 ‘ 9.47 | 9.38 9.29
6 13.7 10.9 978 | 915 | 875 | 8.47 B.28 810 (“7oe8'| 7.87 | 772 |l 7.56 | 7.40 7.31 7.23 7.14
7 122 9.55 B.as | 7.85 7.46 7.19 6.99 | 6.84 6.72 | 662 | 6.47 || 631 616 | 6.07 | 599 581
8 11.3 B.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.867 5.52 5.36 5.28 5.20 5.12
9 10.6 802 699 | 6.42 6.06 | s.80 I 5861 547 535 | 526 | 5.1% 496 | 4.81 473 | 4.65 4.57
= 10 10.0 7.56 6.55 5.99 5.64 5.39 |.5:20 5.06 494 | 4.85 4.71 4.56 441 4.33 4.25 417
% 11 9.65 7.21 §.22 5.67 5.32 5.07 4.89 474 [ 463 | 4.54 4.40 4.25 4.10 4.02 3.94 3.86
2 12 933 6.83 5.95 541 5.06 4.82 4.64 4.50 439 4.30 4.16 401 | 386 | 3.78 3.70 3.82
é 13 907 6.70 5.74 521 486 | 4.62 4.44 | 430 | 439 | 410 | 306/ 382 | 366 3.59 | 3.51 3.43
g 14 8.86 6.51 5.56 5.04 4.69 445 428 |14314 | 403 | 384 3.80 3.66 3.51 3.43 3.35 3.27
= 15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 400 | 389 3.80 3.87 352 | 13.37 3.29 321 313
Bl | 853 | 623 | 529 | 477 | 444 | 420 %403 | 389 | 378 | 360 | /385 | 341 | 326 | 318 | 340 | 302
E 17 8.40 6.11 5.18 4,67 4.34 410 | 393 3.79 | 3.88 3.59 3.46 3.31 | 3.16 3.08 3.00 2.92
= 18 8.29 6.01 509 | 4.58 4.25 4.01 3.84 an 360 3.51 AN 3.23 | 3.08 3.00 2.92 2.84
2| 19 8.18 5.93 501 | 450 417 | 3.94 3T 3.63 [ 3.520] 343 | 330 | 315 | 300 | 292 | 2.84 2.76
g 20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 323 3.09 ‘ 2.94 2.86 2.78 2.69

= ]
& 21 8.02 5.78 4.87 4370 4.04 3.81 3.64 3.51 340 3.31 317 3.03 | 288 2.80 272 2.64
22 7.95 572 4.82 | 4.31 | _3.99 3.76 3.59 345 3.35 3.26 312 288 | 2863 2.75 2.67 2.58
23 7.88 5.66 476 { 4.26 394 an 3.54 3.41 3.30 3.21 3.07 293 278 | 270 2.62 2.54
24 7.82 5.61 4.72 | 4.22 3.90 3.67 3.50 3386 3.26 3.17 3.03 289 | 274 | 266 2.58 2.49
25 7.77 5.57 468 | 418 | 3.85 31.63 86 | 3.32 3.22m33m|" 299 | 2.85 | 270 | 262 | 2.54 2.45
30 7.56 5.39 4.51 4.02 | 3.70 | 3.47 3.30 | 317 3.07 | 298 | 284 | 270 | 255 247 | 239 2.30
40 7.3 5.18 4.31 3.83 3.51 3.29 3.12 299 2.89 2.80 2,66 2.52 2.37 2.29 2.20 2.1
60 7.08 498 4.13 3.65 3.34 3.12 2.95 2.82 272 2.63 2.50 2.35 2.20 .12 2.03 1.94
120 6.85 | 4.79 395 | 348 | 3.17 2.96 278 | 266 | 256 | 247 | 234 219 | 2.03 195 | 1.86 1.76
— > 6.63 4.61 3.78 3.32 3.02 2.80 2A§i__ 251 241 2.32 2.18 2.04 1.88 1.79 1.70 1.59
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Degrees of Freedom for the Numeraio/ BT :ﬁh—
1 2 3 | 4 5 € 7 8 9 10 12 15 20 24 30 40
1 161 200 218 225 230 234 237 239 241 242 244 245 248 249 250 | Zsy -
2| 185 | 100 |f192 | 182 | 183 @193 | 194 | 19.4 | 10M |THEA | 184 | 184 Y 19.4 195 | 195 | 195"
3 10.1 955 | 828 | 912 | 801 | 894 | BBS | B.85 | BBI aya | 874 | B70 | 8656 | BB4 | BE2 | BSH
4 7.7 6.84 653 | 639 6.26 616 6.09 6.04 6.00 [%5.96 | S.81 586 | 580 577 | 575 | .72
s | 661 | 570/ ] 541 | 518 [ 505 | a9s | 488 | 482 | 477 | 974|468 | 462 | [4.56 453 | 450 | 445,
6| see | 814 | 476 | 453 [faz0 | a2e jmaz1 [ 415 | 430 | 405 | 400 |NS841| 3687 [ 3.84 | 381 ar7
7| 5859 | 8za | 43s | 432 | 397 | as7 | 379 [“373 | aes | 364 | 457 | 351 | 3.44 | 341 338 | 334
8| s32 | 446 | @07 | 382 | 369 | 358 | 3s0 | 3.44 | 330 | 335 (1228 | 322 )| 815 | 3.12 3.08 | 304
0| s12 | 426 | 386 | 383 | 348 | =337 fudeo jpe237| a8 | 314 1307 | 301 | 2.84 290 | 285 | 283
10 | a9s | an0 ¥ azs | B4s || 333 | 322 | 3.4 | 307 | 302 | 298 |F281 | 285 (F2.77 | 274 | 2.70 |

1 484 | 308 4.5 | 3.36 3.20 308 | 3.01 2985 | 280 288 [D278 | 272 265 | 261 257 | 283"
12 | 475 | 389 328 | 328 | 311 3.00 | 291 285 | 280 | 275 | 269 | 262 | 2.54 | 251 | 247

13 | 467 | 381 3.41 S8 M303 [B292 [M283 | 277 | 2N 7 | 260 | 253 | 246 | 242 | 238
14 4.60 3.74 334 3.11 2.96 2.85 2.76 2.70 265 260 2.53 2.46 2.39 2.35 2. 2.27
15 | as54 | 368 | 3290 306 | Z2eo | 279 [ 27 264 | 280 |42s54 | 248 | 240 | 233 | 229 | 2256 | 220

s40 | 363 | 328 | 301 |oese] 274 | 286 | 250 | 2548 249 | 242 |8235 | 228 | 224 | 218} 215
17 | 445 | 350 | 320 | 286 | 281 w270 | 261 | 255 | 249 [#245 | 238 (1231 | 223 | 219 | 215 230
18| 421 | 355 | B8 | 293 | 277 Pee. | 258 | 251472454 241 | 234 | 227 | 219 | 215 | 2111} :206,
19! 438 | 352 | 813 | 280 | 278 |pzea {vosenpoies | 242 | 238 | 231 |(223 | 216 | 211 | 207 f 208
20 | 435 | 340 | 310 | 287 | 271 | 2805 251 | 24507230 | 235 | 228 | 220 | 212 | 206 | 204 ] 1.89

21 4.32 3.47 307 2.84 268 2.57 2.49 2.42 2.37 232 2.25 2.18 2.10 2.05 2.01 186
22 | 430 | 3.44 306 | 282 | 286 | 255 | 246 | 240 | 234 | 230 | 223 | 215 | 207 | 203 | 1098 1.84 -
23 4.28 3.42 3.03 2.80 2.64 2.53 243 2.37 2.32 2.27 220 213 2.05 2.0 196 | 191
24 4.26 3.40 3.01 278 2.62 2.5 2.42 2.36 230 2:25 2.18 21 2.03 1.88 1.84 | 188
25 | 424 | 339 | 290 | 236 | 2807 200 | 200N 2547 Na@eT 2248 216 | 209 X

Degrees of Freedom for the Denominator

2.01 | 196 | 182 | 187
20 | a17 | 332 | 202 | 269 | TEemeEE | 233 | 227 mwesy™| 216 | 200 | 201 | 183 | 189 [ 1.84 ] 179
20 | 408 | 323 | 284 | 261 | 245 | 234 | 225 | 218 | 212 | 208 [ 200 | 182 | 184 | 178 | 174} 168
6o | 400 | 318 | 276 | 253 | 237 | 225 | 217 | 210 | 204 | 189 | 192 | 184 | 175 | 170 | 165 | 158

120 | 3902 | 307 | 268 | 245 | 220 | 218 | 200 | 202 | 186 | 191 | 183 | 175 | 166 | 1.61 | 1.55 | 150

= | 384 | 300 | 280 | 237 | 221 | 210 | 201 | 194 | 188 | 183 | 175 | 167 | 157 | 152 | 1.46 | 1.39
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B.7 Critical Values of Chi-Square

This table contains the values of x

2 yhat gorrespond to a specific right-tail area and specific numbério
of freedom. S

Example: With 17
dfand a .02 area in

L3

\m‘j;_g—... the upper taii, x2 = 30.995
D B
Dogrees of E— — 1 BB
= iy L i __Elght all Area |
p 1 0.10 0.05 802 001
2.706 3.841 5412 6.635
4.605 5.991 7.824 0.210
6.251 7.815 9.837 11,345

7.779 9.488 11.668 13.277
9.236 11.070 13.388 15.086

10.645 12.592 16.033 16.812
12.017 14.067 16,622 18.475
13.362 15.507 18.168 20.080
14.684 16.9189 19.679 21.866
15.987 18.307 21.161 23.208

17.275 19.675 22.618 24.725
1B.549 21.026 24.054 26.217
19.812 22,362 25.472 22.688
21.064 23.685 26.873 29.141
22.307 24.996 28.259 30.578

23.542 26.296 29.633 32.000
24,769 27.567 30.995 33.409
25.988 26.869 32,346 34,805
27.204 30.144 33.687 36.191
28.412 31.410 35.020 37.566

29.615 32.671 36.343 38.932
30.813 33.924 37.659 40.288
32.007 35.172 38.968 41.638
33.196 36.415 40.270 42.980
34.382 37.652 41.566 44.314

- -l
e chun=s c@mENO meawn =S

35.563 38.885 42.856 45642
36.741 40.113 44,140 46.963
37.916 41.337 45.419 48.278
39.087 42.557 46.693 49.588
40.256 43.773 47.962 50.892
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