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Suggested time: 45 minutes
Maximum score: 125 points

ESSAY B

ESSAY A

a) Describe the key differences between data collected according to the
two approaches.

b) Which form of production data is preferable for calculating statistical
indicators? (provide some examples)

c) Can the two forms of data be converted into one another? If so, how?
d) What main difficulties arise when quantity and value information is

collected according to the two approaches?
e)  In the table 1, partial information for a product A is shown. Calculate the

missing values, ass'uming a LIFO (last-in-first-out) and FIFO (first-in-first-out)
approach, respectively, for the inventory valuation.

f)  Discuss the results of different valuations in the table and how they could
be used to answer question c).

Table 1" Inventories shown at the end of the period. (Quantities are given in metric tons,
values in thousand dollars). Inventory at end of 2004:0 metric tons

Year  Production
intended
for sale

(quantity)
2005      120
2006      150
2007      160
2008      110
2009      130
2010      140

Production
intended
for sale
(value)

Production
sold

(quantity)

110
145
170
100
140
140

Production   Unit   Inventory
sold     price  (quantity)

(value)

1.00
1.10
1.15
1.20
1.25
1.20

Inventory
(value)

FIFO

Inventory
(value)

LIFO

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet. Please copy the table to the answer booklet. Anything
written on the pages of this booklet will not be considered at the time of
marking.

The statistics on production of individual commodities consists of data on
production of a commodity in a well specified period of time (a month, a
quarter, a year). Such production is also often referred as "production intended
for sale". Another component of production statistics refers to data on
"production sold" for the same reference period.

i
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45 minutes
125 points

Suggested time:
Maximum score: In September 2000, building upon a decade of major United Nations

conferences and summits, 189 world leaders came together at United Nations
Headquarters in New York to adopt the United Nations Millennium Declaration,
committing their nations to a new global partnership to combat poverty,
hunger, disease, illiteracy, environmental degradation, and discrimination
against women. The Millennium Development Goals (MDGs) are derived from
this Declaration, and all have specific time-bound targets and indicators - with a
deadline of 2015.

a) Several of the MDGs are targeted to improve health status of population in
countries. List three statistical indicators that can be used to measure
population health and explain how these indicators are calculated.

b) One target of the MDGs is to reduce "under-five morta!ity rate" by two-
thirds, between 1990 and 2015. Define the under-five mortality rate and
explain how it is calculated.

c) Elaborate on the interpretation of this indicator for the assessment of health
status, i.e., why is this indicator important.

d) List all possible sources of data to compute the "under-five mortality rate",
and explain the advantage and disadvantage of each source.

e) Table 2 below presents the progress made in terms of "under-five mortality
rate" towards the target (reducing it by two-thirds by the end of 2015).
Elaborate the progress toward the target and differences for different
regions in the world.

Table 2: "Under-five mortality rates" in selected areas of the world in 1990 and 2009

Regions
Total
Developed region
Developing region

Northern Africa
Sub-Saharan Africa
Western Africa
Latin America and the Caribbean
Eastern Asia
South-eastern Asia
Southern Asia
Caucasus and Central Asia
Oceania

1990
89
15
99
80

180
68
52
45
73

122
78
76

2009
60
7

66
26

129
32
23
19
36
69
37
59

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet.
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SPECIALIZED PAPER: QUESTIONS Assume  that  the  inference  assumptions
homoscedasticity, and normality).

hold

Suggested time: 15 minutes
Maximum score: 50 points

-l<y<l

elsewhere

Find the density function U = y2.

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet.

QUESTION 2

Suggested time: 15 minutes
Maximum score: 50 points

One of the ten fundamental principles of official statistics relates to statistical
confidentiality and states: "Individual data collected by statistical agencies for
statistical compilation, whether they refer to natural or legal persons, are to be
strictly confidential and used exclusively for statistical purposes."

a) Since published statistics are based on such individual data, discuss issues
related to confidentiality that national statistical offices face when
publishing statistics on a national or sub-national level.

b) Should individual data or data marked as "confidential" in national statistics
be reported to international agencies? If so, what considerations need to
be taken into account?

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet.

QUESTION 3

Suggested time: 15 minutes
Maximum score: 50 points

The manager of a chain of package delivery stores would like to develop a
model for predicting weekly sales (in thousands dollars) for individual stores
based on the number of customers who made purchases. A random sample of
stores was selected from among all stores in the chain.  The results of the
regression model appear in the printout below.

fv(y) =    '

[0,

i

Let Y have the probability density function given by

QUESTION 1

(i.e.

The REG Procedure
Modeli: Model1

Dependent Variable: Weekly sales

Source

Model
Error
Corrected Total

Analysis
Degrees of
freedom
I
?
19

Sum of
Squares
46.83354
4.52695
51.36050

of Variance
Mean Square

46.83354
?
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independence,

F Value

186.22

Pr>F

<0.0001

Root MSE
Dependent Mean

0.50149    R-Square
8.80550

?

Variable

Intercept   Po

Customers  /ÿ1

Label
Parameter Estimates

Degrees of Parameter Standard
freedom    Estimate   Error
1          2.42304    0.48076190
1          0.00873    0.00063969

T value

5.04

13.65

Pr> Itl

<0.0001

<0.0001

Note: Please show the missing values and all the calculations. It is not necessary
to copy the table to the answer booklet.

a) How many stores were in the sample?
b) Find and interpret R2 in this problem.
c) Calculate the point estimate for the sales of a store that receives 1,000

customers in a single week.
d) At a level o; = 0.05, test the null hypothesis that there is no effect of the

number of customers on the sales at a package delivery store, versus the
alternative hypothesis that there is some effect. Justify your answer.

e) Construct and interpret the 95% confidence interval for pÿ, the slope of

the regression model.

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet.
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Suggested time: 15 minutes
Maximum score: 50 points
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Suggested time: 15 minutes
Maximum score: 50 points

QUESTION 6

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet.

QUESTION 5

Suggested time: 15 minutes
Maximum score: 50 points

A major metropolitan newspaper selected a simple random sample of 1,600
readers from their list of 100,000 subscribers. They asked whether the paper
should increase its coverage of local news. Forty percent of the sample wanted
more local news. What is the 99% confidence interval for the proportion of
readers who would like more coverage of local news? Please describe the
approach you use to solve this problem and which conditions need to be met
for your approach to be valid. Then indicate the proper answer.

a) 0.30 to 0.50
b) 0.32 to 0.48
c) 0.35 to 0.45
d) 0.37 to 0.43
e) 0.39 to 0.41

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet.

a) Describe a simple random sampling procedure that the administration
could use to select 200 students from 2,500 students in the school.

b) If a stratified random sampling procedure is used, give one example of an
effective variable on which to stratify in this survey. Explain your reasoning.

c) Describe one statistical advantage of using a stratified random sample
over a simple random sample in the context of this study.

A local school provides mid-day meals as a part of the strategy to improve
nutrition among their students to all 2,500 elementary, middle and high school
students through a catering company. The school administration would like to
survey the students in the school to estimate the proportion of students who are
satisfied with the food under this contract.

QUESTION 4

The diameter of marble balls manufactured at a large factory is normally
distributed, with mean 1.3 centimetres and a variance of 0.0016 square

centimetres.

a) What is the probability that a randomly selected marble ball will have a
diameter greater than 1.32 centimetres?

b) What is the probability that a randomly selected marble ball will have a
diameter between 1.28 and 1.32 centimetres?

c) Between what two values (symmetrically distributed around the mean) will
68% of the marble balls fall?

d) What is the probability that the sample mean diameter(J7), calculated from
n -- 16 randomly selected balls, will be between 1.29 and 1.31 centimetres?

IMPORTANT: Write your answers in black or blue pen on the dedicated pages of
the answer booklet.

QUESTION 7

Suggested time: 15 minutes
Maximum score: 50 points

Examine the scatterplots and fitted regression lines in Figure 1. The data is such
that the sample values of the independent variable (regressor) x are identical,
the sample mean of the dependent variable y is the same in both data sets
(.ÿ = 0), and the fitted regression line is identical in both plots (b0 = 0, bI = 1).

Figure I: Scatterplots

(a) (bÿ

%
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Which fitted regression model has the larger -R2 value, (a) or (b)? Justifya)
your answer.

b) What is the sign (+ or -) of the correlation coefficient in figure (a)? Explain.
c) Which fitted regression line, (a) or (b), has the larger Mean Square Error

(MSE) or are the Mean Square Errors (MSE's) the same? Explain.d) Which fitted regression line, (a) or (b), has the larger Regression Mean
Square (MSR), or are they the same?

IMPORTANT" Write your answers in black or blue pen on the dedicated pages of

the answer booklet.
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Annex/Annexe
• Standard normal distribution areas
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/

0         .t

3_106
3.o55
3.012
2ÿ9..77

2.947

2.831
2.819
2,807
2-7ÿ)7
2.787

2.479
2.473
2.467
2.462
2,457

2.779
2.771
22763
2.ÿ56
2.750

2,ÿ23
2,390
2.358
2.326

2.904
2:660
2.617
2.576

The t-distribution



The x2-distribution
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5.54            5.46            5.39            5.34            5-31             5.28            5.27            5.25            5.:24
10.1           ÿ9.55            9.28            9.12            9.01             8..94.           8.89             8.85            8..8l
17.4            16.0            15.4             15.1              14.9             14.7           "14.6             14.5             14.5"
34. I             30.8           ".29.5            28.7        ' 28.2            27.9          -27.7             27.5            27.3

55,6            49.8            47.5            46.2            45.:-5            44.8            44.4            44". 1             43,9
"167_0         148.5          14"1.t          137.1           134.6          132,8          131.6          130.6          129.9

0.549   0.828   0,941     1.00    1.04    1.06    1.08     1.09   - 1.10
4.54    4,32    4,19    4.11     4,05    4_01    3.98     3.95.-    3;94
7.7 t     6.94    6.59    6,39    6.26    6_ 16    6,09    6.04    6.130
12.2    10,6    9.98    9.60    9.36    9.20   " 9.07    8.98    8.90
21.2    18.0    I6,7     16.0     15.5     15.2    15.0     14.8     14.7
31,3    26.3    24.3    23.2    22.5    22.0    21.6   " 21.4"   21.1
74, I     61.2    5ÿ5.2    53.4    51.7    50.5    49.7    49.0    •48;5

0,528         0,799         02907         0,965             t .00            1.02            1.04             I .05            1.06
4.D6      3.78      3.62      3.52      3.45      3.40      3,37      3,34      3.32
6.61             5,79            5,4I             5,19            3,05           4.95            4.88            4.82            4.77
10.0            8.43"           7,76            7_39           "7.15            6.98            6.85            6.76            6.68
16.3             13.3             t, 2.1              11-4             11.0ÿ          10,7            10.5             10.3             10.2

"22.8"            18ÿ3             16.5             !5,6             14.9             14.5            14_2             14.0            13,8
47.2            37.1             33.2            31.1             29.8"           28,8           "28.2            27.6            27.2

0.515        0.7"80        0,886        0.942        0.977           1 .'00           1:02           1.03          1.04
3,78            3.46            "3.29            3.18            3.11             3.05         "  3;01             2.98          -2.96
5.99           5.14        "  4.76         .4.53           4.39          2I-.28          4.,21           4. t 5           4.10
8.81           7.26           6.60          6.23           5.99           5.82          5.70           5.60           5.52
13.2             10.9            9.78            9.15            8.75            8.4:7"          8.26   .         8.10            7.98
18.6      14.5      I2.9      12.0      11.5      11.1 "lO.g      10.6      10.4
.35.5            27.0            23.7            21.9            20.8            20.0            1.9.5             t 9.0            18.7

0.506         0.767         0.8-1"1          0.926         0.960"        0.983            1.00            t .01             1.02
3.59            3,26            3.07            2.96            2.88            2.83         "  .2.78            2.75            2.72
5.59            4:.74            4.35          - 4. 1"2            3.97            3.87         "  3.79            3.73            3.68
8.07            6.54            5.89            5.52            5.29            5.12           "4.99           4.90            4".82
12.2      9.55      8.4"5      7.85      7.46      7. I 9    " 6.99      6.84      6.72
16.2           1"2.4           10.9           I0.1           9.52           9.d6       -  8.89           8.68           8.51
29.2            2t.7             18.8          .  17.2             16.2            15.5            15.0             t4_6            14.3
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1

4

7

.50

.90

.95

.975

.99

.995

.999

.50

.90

.95
,975
..99

.995

.999

.50
.90
.95
.915
.99
.995
.999

.50
,90
.95
.975
.99

.995

.999

.50

.90

.95

.975

.99

.995

.999

.5O

.90 "

,95

.975

.99

.995

.999

.50

.90
,95
,975
.99
.995
.999

2.04
60.2
242
969

6,056
24,224

605,620

2.07   2.09
60.7     61.2
244   246
977'   985

6,106 - 6,157
24,426     24,630

2.12   2.13   2[15   2617   2.18   2.20
61.7    62.0   62.3    62.8   63.l    63.3
2#8    249    250    252    253    254'993.   997   1,001   1,010   1,014   1,018

6,209   6,235   6,261   6,)13   6,339   6,366
24,836  24,940  25,044  25.253- 25,359 25,464

620,910 62S,500 626,100 631,340 633,970 636,620610,670   615,760

1.34   t.36
9,39     9.41
19.4     t9.4
39.4..    29.4

99.4     99.4
199       199.

999.4  999.4

1.38
9.42
19,4
39.4
99.4
199

999.4

1.39            1.40            1,4t             1.43.           1,43            1.44
9ÿ44           9.45           9.46           9_47           9.48         "9.49
"19.4            19.5            19.5            19.5            19.5            t9.5
39,4           39.5           39,5            39.5            39,5            39.5
99,4           99,5           99.5            99.5           99_5           99.5

199              199             I99              199             199             200
999,4        999.5         999.3         999.5         999.5         999.5-

1,18      1.20
5.23   5.22
8.79     8.74
14.4     14.3
27.2     27.1
43.7   43.4

-'129.2    128.3

1.11    1.13
3.92      3.90
5.96    5.91
8.84   8_75 -

14.5    14.4
21.0   20,7
48.1      47.4

1.07   1.09   1.10
3.30.     3.27     3.24
4.74           4.68           4.62
6.62          6.52        - 6ÿ43

" I0.1 -    9.89     9.72
13.6     13.4 .    13... 1

26.9     26.4 .   25.9

I'.05            1,06            1:07
2.94           2,90           2.87
4_06          "4_00           3ÿ94
5.46     5.37     5.27
7.87            7.72            7.56
10.2     10.0   " -9.81
1 8.4            I 8_0.            I 7.6

{ .03    1,04   1.05
2.70            2.67            2.63
3.64      3.57      3.51
4.76     4.67     4.57
6:62   6.47   6.)[
8.38            8.18            7.97
14.1             13.7            13.3

1.21             1.23            I _23            1.24            t .25
5.20            5.18            5..18           5.17           5,15
8.70     8.66     8.64   8.62     8.57
14.3     14.2     14.1     t4,1     !4.0.

• 26.9          26.7          26.6          26.5          2"6.3

43. I     42.8     42,6     42.5     42.1
127.4         126.4         125.9         125.4         124.5

1,14    t.15"    1.16    I.t6    1.18
3.87      3.84      3.83      3_82      3.79
5,86            5.80           5.7-/           5.75           5.69
8.66          8_56          8.5 t           8ÿ46          8,36
14.2            14.0            I1.9            13.8            13,7
20.4           20.2           20.0            19.9         '  19.6
46.8     46. I     45,8     43.4     44,7

t,ll      1.12.     1,12     1.14     t_14     1.15
3.2l     3.19     3.17    . 3.14     "3.12     3.'11
4.56          4.53          4.50          4.43          4,40          4,37
6".33           6.28.         6.23           6.12-           6.07           6.02
9.55           9.47           9.38           9.20           9. I  1            9.02
12.9      12.8      12.7      t2.4      12.3      12ÿ1
25:4           25. I            24.9           24.3           24. !            23.8

1.08            1.09            !.10            1,11             1.12            1.12
2.84           2.82           2.80           2.76           2,74           2.72
3.87           3.84           3_81           -3",74           3.70           3.67
5.17           5. t2           5.07           4.96           4.90           4.85
7_40           7.31            7.23           .7.06           6,97           6.'88
9.59          9.47          9.36          9,12          9,00          8.88
17.1             16.9            16.7            16.2            1610            15.7

' t.07     1.07 1.08     1.09     1.10     1.10
2.59     2.58     2.56     2.5 I.     2.49     2.47
3.44           3.41            3.38           3.30           3.27           3.23
4.47          -4.42           4.36           4.25.           4.20           4.1 4
6.16    6.07    5.99    5.82    5.74    5.65
7.75    7_65   7.53    7.31    7.19    7ÿ08

• 12.9      !2.7      12.5      12.1      11.9      11.7

1.26     1.27
5,14     5.13
8.55     8.53
13.9   13.9
26.2   '26.1

42.0   41,8
124_0   ! 23.5 "

1.18     1.19
3.78   3.76
5.66     5.63
8.3 [      8_9_6.

13.6  " 13.5
19.5     t9.3
44.4     44.1
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1"1

(c o ntin ued)

I0  .50
.90
.95

. .975
.9"9

,.995
,.999

!2  .50
.90
,95
.975
.99
.995
.999

15   .50
.90
.95
.975
.99
•,995

.999

20  .50
.90
.95
.975
.99
.995
.999

24  .50
.90
.95
.975
.99
.995
.999

9   .50
_90

.95

.975

.99

.995

.999

4

0,499
3.46
5.32
7.57
1-1.3

14.7
25.4

0.494-
3.36
5.12
7.21
•1-0.6

13.6
22.9

0.490    0.743    0.845    0.899    0.932    0.954   0..971  •  0,983
3.29           2.92          2.73           2.61            2.52          2.46           2,41           2.38
4.96           4.10          3.71            3.48           3.33.          3.22           3..14           3.07
6.94          5.46          4.83           4.47        . 4.24          4.07           3.95 3.85
|0.0           7.56           6.55           5.99           5.64           5.39           5.20           5.06
12.8     9.43     8.08     7.34     6.87     6.54     6.30     6.12
21.0    -14.9.     12.6     I 1.3     10.5     9.93     9.52     9.20

0.757
3.1l
4.46
6.06
8.65
11.0
18.5

0.749
3.01
4.26
5.71
8_02
10.1
16.4

0.860        0.915        0,948        0.971         0.988           I .00         1.0 I
2.92           2.8I          2.73           ÿ.67           2.62          2.59           2.56
4.07 '       3.84         3.69          3.58          3..50         .3..44          3..39

5.42           5.05-          4.82           4.65           4.53-       " 4.43        -  4.36

7.59           7,01           6.63           6.37           6.18          6.03           5.91
9.60           8.8f.          8.30          .7.95           7.69.          7.50           7.34•
15.8           14.4           13.5           12.9         - 12.4          '12.0           I 1.8

0.852   -   0,906        0.939        0.962      "0.978        0.990           1.130
2.81            2.69           2.61           2.55        "  2.5-1           '2:47           2.44-
.3.86     3.63     3.48     3.37.    3.29     3.-23    ,3.10
5.08          4.72          4.48. "      4,32          4ÿ20          4. I0          4.03
6.99     6.42   . 6.0.6     5.80     5.61     5.47     5.35

• 8.72     7.96     7.47     7.13     6,88     6.69     6.54
13.9           12.6           I t.7           / 1.1            I0.7           10.4           10.1

0.484
3.18
4.75
6.55
9.33
11.8
18.6

0_478        0.726        0.826        0.878        0.91 I         0.933        0.9,ÿ9        0.960
3.07     2.70     2.49.    2.36     2,27     2.21     2. ! 6     2.1'2
4.54     3.68     3.29     3.06     2.90     2.79     2-71     2.64
6.20          4.77          4. t5           3.80           3.58           3.41           3.29          3_20
8.68           6.36        "  5,42           4.89           4.56          4.32  "        4. 14          4.00
I0.8     7.70     6.48     5.80     5.37ÿ     5.07     4.85   4.67
16.6          1 1.3         9.34          8.25          7.57         7.09       .-6.74         6.47

0,472       0.718       0.816       0.868       0:900       0-922       0.93"8       '0.950
2.97     2".59    - 2.38     2_25     2. t 6     2.09  "   2.04    " 2.130

4'.35     3.49     3_10     2.87     2.71     2.60     2.51     2.45
5.87           4.46          3.86           3.51           3.29           3.13"         3.01           2.9{
8.10           5.85          4.94           4.43           4,10           3.87           3.70           3-56
9.94          6.99          5.82           5.17           4.76          4_47          4.26          4.09
14.8           9.95           8.10           7.10           6.46  6.02           5.69           5.44

0.469
2.93
4.26
5:72
7.82
9.55
14.0

0"735
2.81
3.89
5.10
6.93
8.51
13.0

G.714
2.54
3.40
4.32
5.61
6.6.6

9.34

0,835    0.888   "0.921    0".943    0,959    0.972    0,981
• 2.61      2.48      2.39     2.33      2_28     2.24     2.21
3.49     3.26      3.11      3.00      2.91      2.85      2.80
4.47     4. I2 "    .3.89      3.73      3.61      3.51      3.44
5:95"     5.41      5,06     4.82     4.64     4.50    4.39
7.23      6.52     6.07      5.76'     5.52     5.35•    . 5..20

10.8     9.63      8.89      8.38      8.00     7,71      7.48

0.812 "  0.863    0.895"  0ÿ917   0.932   0,944   0.953
2.33     2.19    2.10     2.04     1.98     1.94     1.91
3.01     2.78     2.62    2.51     2.42     2ÿ36     2.30
3.72     3.38     3,15     2.99     2.87     2.78     2.70
14.72     4.22   3:90     3ÿ67    " 3.50     3_36     3.26
5.52     4.89     4.49     4.20     3.99     3.83     3.69
7.55     6.59     5.98 -    5.55     5.23     4.99     4.80

8   .50
.90
.95
.975
.99
.995
.999

0,992
2.35
3.02
3.7'8
4.94
5.97
8.96

0.970
2,09
'2.59

"3.12

3.89
4.54
6.26

0.959 '
1".96

2.39
2.84
3.46
3.96
5.24

1"I
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8 50 '
,90
.95 .

.975

.99
,995
.999

.50
,90
.95
,975
.99
.995
.999

10  .50
.90
.95
.975
.99
.995
,999

12  .50:
.90
.95
.975
.99
.995
.999

15  .50
,90
.95
.975
.99
.995
.999

20 .ÿ0
.90

- .95

.975

.99

.995

.999

24  .50
,90
.95
,975
.99
.995
.999

1.02
2:54
3.35
4.30
5.8!
7.21
11.5

1.01   1.02   1,03
2.42         2.38         2,34
3.14    3.07    3.01
3,96    3.87    3ÿ77
5,26        5. t I         4.96
6.42   6,23   6,03
9.89    9.57    9.24

1.00     1 .01
2.32   2.28
2.98   2.9. I

3.72    .3.62

4,85    4.71
5.85     5.66
8.75    8.45

0.989 .   1.00    I .01     1.02
2.19   .2,15    2.10    2.06' 2.75 "    2,69    2262     2.54

3.37     3.28     3. 18     3.07
4.30    4.16    4.01     3.86
5.09    4.91    4.72     4.53
7_29     7.00     6.71     6.40

:0.977   0.989     1.00"    1.01
2.06    2.02     1.97     1.92
2.54         2.48          2.40          2.33
3.06     2,96     2.86     2,76
3.80          3.67          3.52          3.37
4.42    4.25     4.07     3,88
6.08    5.81     5.54    5.25

0.966
1.94
2.35
2.77
3.37

3.85
5.08

0.9.61
.i .88

2_25
2.64
3.17
3.59
4.64

1.03         1.04         1,05         t"106         1,07        .I.08
2.50          2.46         2.42          2.40          2,38          2_34.
3,28          3.22          3,15          3.12          3,08   "      3.01
4.20         4.10         4,00          3.95          3.89          3.78  -,
5.67  .       5.52          5.36"         5.28          5.20          5:03
7,01          6.81        " 6,61          6,50          6.40          6.18
11.2          10,8          10.5          10.3          10. f"         9,73

0.977
1,89
2.28
2.68
3.23
3.68
4.82

0.972
1.83
2.18
2.54
3.03
3.42'

4.39

1.04         t.05,        1.05         1.07
2.30       -2.28         2125       .2.2t
2.94    2.90    2.86    2.79
3.67         3261        .3.56         3,45
4.81    4.73    4,65    4,48
5.83    5.73    5.62    5.41
8,90    8.72    8.55    8.19

t .02
2.24
2.84
3..52

4.56
5.47
8.13

1.03     I .04
2.20   2.18
2.77   2.74
3.42    3,37
4.4I    4.33
5.27   • 5.17

7,80   7.64

1.05
2.16
2.70
3.3t
4_25
5.07 "

7.47

1.06
2.1t
2.6"2

3.20
4.08
4.86
7. t2

1.03
2.04
2.51
3.02
3,78
4.43
6.25.

1.03
2;01
2.47
2.96
3.70
4.33
6.09

'l:05
1.96
2.38
2.85
3.54
4.12" 5.76

1-.02

1.90
2,29
2 :.70
3.29
3.79
-5.10

1.02
1.87
2.25
2.64
3.2t
3.69
4.95

1.03
1.82
2.16
2.52
3,05
3.48
4.64

0.989
t.84
2.20
2.57

3,09
3.50
4,56

• 1.00

1.79
2.12
2.46
2.94
3.32
4.29

1.01
1.77
2.08
2.4.1

2.86
3.22
4.15

1.01
1.74
2,04
2.35
2.78
3.12
4.00

1.02
1.68
1,95
2.22
2.61
2.92
3.20

0.983
1.78
2.11
2.44
2.89
3.25

'4.14

0.994
1.73
2.03
-2.33

2.74
3.06
3.87

1,00
1,70
1.98
2.27,

2.66
2,97
3.74

!.01
1.67
1.94

. 2.2!

2.58
2.87
3.59

1,02
1,61"t .84

2;08
2.40
2.66 -

3.29

1.08
2.32
2.97
3.73
4:95
6.06
9.53

1.07    1.08
2.18 -   2.16
2.75     2.71
3.39    3.33
4.40   4,31
5.30    5:ÿ19
8.00   7.81

I ,06
2.08
2.58
-3,14
4.00
4.75
6,94

1.05
1.93
2.34
2.79
3.45
4.01
5.59

• i .04

1.79
2,11
2.46
2.'96

3.37
4.48

1.03
1,64
1.90
2.16
2,52
2.81
3.54

1.02
i.57

2.01
2.3!
2.55
3:14

1.09
2_29
2_93
3.67
"4.86

5..95
9.33

1.07
2.06
2.54
3.08
3.91
4.64
6.76 "

1.06
1.90
2.30
2.72
3.36
3.90
5.42.

t .05
1.76
2.07
2.40
2.87
3,26
4,3.1

1.03
1.61
1.84
2.09
2.42
2.69
3.38

1.03
1.53
1.73
1.94
2.21
2.43
2.97

r9    1  -- €€
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60  ,50
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'.995
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120 .50
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m  .50
.90
.95

. .975

.99

.995
,999

30 .5O
.90
.95"

.975

.99

.995
,999

rl

6    .7     8     9

0..466      0.709      .0:807       6.858       0.890       0.912      0.927      0.939       0-948
2.88          2.49          2.28          2.14          2.05"           1,98          1.93          1..88           1,85
4.17     3.32    2.92     2.69     2.53     2.42     2.33     2.27     2.21"
5.57         "4.18          3.59          3.25  "        3.03          2.87         2.75          2.65          2_57"
7.56         5.39         4.5i         4.02         3.70         3.47         3.30         3.17         3.07
9, 1-8          6.35          5.24          4.62  .       4,23          3.95          3.7/t          3.58          .3.45
13.3     8.77     7.05    "6.12     5,53     5.12    -4.82     4.58     4.39

0.46I       0,701       0.798       0.849       0.880     0.90I       0.917       0.928       0.937
2,79    2.39    2.18    2.04     1,95     1.87     1.82     1.77     1.74
4_00    3,15     2.76     2,53    -2.37     2.25    2.17    2,10     2.04
5.29         3.93  -     3,34         3.01"        2.79         2.63"        2,51"        2.4t"         2.33
7.08          4.98          4.13          3.65          3.34          3.12  -       2,95          2,82          2.72
8.49          5.80          4,7.3       "  4".14-         3.76          3,49          3.29          3.13          3.01
12.0          7ÿ77          6.17          5.31          4,76          4.37         4.09          3.86          3.69

0.458   0.697   0.793   0_844   0.8T5   0.896   0.912   0.923   0.932
2.75    2.35    2.13    1 ..99    1.90    I .82    1.77    1.72    1.68
3.92    3.07    2..68    2.45    2.29    2.18    2.09    2.02    1.96
5.15    3.80    '3.23    2.89    2.67    2.52    2.39    2.30    2.22
6.85    4.79    3.95    3.48    3.17    2.96    2.79    2.66ÿ   2.56
8.18    5.54    4.50    3.92    3..55    3.28    3.09    2.93    2.81
11.4   .7.32    5.78    4,95    4,42   4.04  3.77    3.55    3,38

0.455      0.693       0,789       0,839       0.870       0.891       0,907       0,9t8       0,927
2.7 t         2.30         2.08          1.9ÿ{         1.85          1.77         1.72         t .67         t .63
3.84    3,00    2.60   2..37     2.21     2.10    2.01     1.94     [,88
5_02    -.  3.69         3.12         2.79         2.57         2.41         2.29         2'.19         2_.11
6.63    4.61     3.78     3.32    3.02     2.80    2.64    2.51     2.41
7.88          5.30          4.28          3.72          3.35          3.09          2.90          2.74          2.62
10.8          6.91           5.'42          4.62  "       4.10          3.74          3,47          3.27          3. t0

r2 I--cÿ

The F-distribution

(concluded)

l"t

!'2  1 -- cÿ      ! 0       1 2-       15       20       24       30       60      t 20      :ÿ

30

6O

120

.co

.50

.90

.95

.975

.99

.995

.999

,50     0.945  0.956  0.967 • 0.978   0.983  0.989    1.0'3    1.01    1.01
.90      I ,71    1.66    1.60    1.54    1.5 t    1.48    1.40   -! .35    1.29
.95      1.99    1:92    t.84 •   1.75    1.70    1.65    1.53    1.47    1.39
.975     2.27 •  2. 17    2.06    I .94    1,88   1.82    1,67    1.58    1.48
.99      2.63 "   2,50    2.35    2.20    2:1 2    .2.02    1,84    1.73-    1.60
.995     2.90    2,74    2.57    2,39    2.29 2.19    1.96    1.83    1.69
999     3.54    3,32    3.08    2.83    2.69    2.55    2.25    2.08    1.89

.50

.90

.95

.975

.99

.995
:999

.50

.90

.95

.975
:99
.995
.999

0.955       0,966       0.978       0.989         0.994        1.00          1.0I           1.02          1.02
1ÿ82         1.77         !,72         1.67       . 1.64 .      -1.61          1.54         1.50         1.46
2.16        2.09         2.0!         "I.93         1.89         !,84         t.74         1.68         1ÿ62
2.51         '2,4l          2_3I          2.20       -2.14         2.07          1.94"        1_87          1,79

2.98         2.84         2.70          2.55          2.47          2.39         2ÿ2t         -2.! I          2.01
3.34         3. I 8          3.0t          2_82          2.73          2-.63          2.42          2.30         2.-18
4.24       - 4.00         3.75          3.49          3.36          3.22         2.92          2.76     -2.59

0.939  .    0.950       0.96.1        0:972       0.978       0.983       0.994          1.00          1.01
1.65          1.60          1,55        -1.48          1.'45          1.41          1 _32"         1.26          I. 1.9
1.91          "t.83          1.75          !.66          t.61           1.55          1,43          1_35          1.25
2. f6         2.05          1.95       -'1.82          1.76          1.69          1.53          1.43          1.3I
2:47       " 2.34         2.1 9          2.03          1.95          t.86          t,66         1.53          1.38
2.71          2.54        2.37          2. I9          2.09          1_98          1.75"         1.61           t.43
3.24         3,02          2.78          2.53          2.40          2,26          1.95         1.7.7.         1.54

0.934 "  0,945   0,956    0.967    0.972    0.978    0,989
1.60     t.55     1:49 -    1.42     1.38    1.34     1.24
t .83   1.75    1,67    1.57    1.52    1,4.6    !.32
2,05    1.94   . ÿt ,83    1.71    1.64    1.57    1.39
2.32   2.18    2.04    1.88    t.79    1.70    1.47
2.52   2.36   2.1ÿ)    2.00    1;90    1.79    1.53
2.96   2.74   2.51    2..27    2.13    1.99    1.66
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0.994     1,00
1.17   1,00
1.22     I .00
1.27     t .00
1.32    I .00
t .36   1.00
1.45   1.0o


