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i pppendix 1z Method for ranking data in statistical tests

AT

{1 Organize the data into ascending order of values (see specimen data below).
" 5 Allocate rank 1 to the lowest value.

g e <

I 3 Allocate ranks to the remaining values, averaging ihe ranks for any tied scores (see below).

F I"4A useful check that you have done this correctly is that the last rank value you use should be the same as N,
the § | unless, of course, it was tied. '

3 f Scores Rank Notes
10 i Both scores of 12 are given the average rank of positions 2 and 3.
44
¥ 1 12 55 Note that the next score is ranked 4, not 3.
{ S L P 25
15 4
17 5 .
s = - B ) .
18 7 - The three scores of 18 are each given the average rank of positions 6,7and 8,ie 7.
.- 18 7 Note that the next score is rank 9, not 8. ‘
5 :
{ 18 7
J
. 20 ]
25 10

6

Appendix 2: The critical values of U
Table 1: Critical values of U for a one-tailed test at p =.005; two-tailed test at p =.01 (Mann-Whitney) '

N‘l

N, %3 4 5 & 7 8 9§ 10 i1 12 1& 4 15 16 17 18 19 20

1 T L L L o e e e e e e
D

a - - - . . . - 90 0o 0o 1 1t 2 2 2 2 83

w - - - - -0 011 2 2 8 8.4 8 5 6 6 7 8

. . .. - - 0 1 1 2 8 4 5 6 7 7 8 910 1 1218

o e - - . 0 1 2 8 4 5 6 7 9-:10 11 12 13 15 16 17 1S
il S . . I o 1 3 4's 7 9 1o 12 138 15 16 f8 {9 21 22 24
® 8 . - - 1 2 4 6 7 9 11 138 15 17 18 20 22 24 26 28 89
Lo e . .0 1 a's 7 9 1 1 16 18 20 22,24 27 29 8 38 I
o - - 0 2 4 B 9 11 138 16 18 21 24 26 20 31 34 &7 ;| A7

4 - - 0 2 5 -7 10 18 16 18 21 24 27 80 33 3 3| 42 45 48

2 - - 1 3 6 © 12 15 18 21 24 27 81 84 I M 44 47 51 54

8 ... 1 8 7.10 18 17 20 24 27 81 34 88 42 45 49 53 56 OO

44 - - 1 4 7 11 15 18 22 26 30 34 38 42 46 50 . 54 58 63 67

46 .- _ 5 5 B 12 16 20 24 29 3 7 42 46 51 55 60 G4 6 79

e - - o 5 9 13 48 22 27 81 86 41 45 50 65 €0 & 70 74 79
57 - _ 2 5 10 15 1o 24 20 B4 9 44 4o 54 60 65 70 75 B 0.

& . . 2 6 11 18 21 25 81 a7 42 47 53 88 64 70 75 & & %

e . o a 7 i2 17 22 20 33 a3 45 51 56 €8 o0 74 81 & 95 &

% . 0 8 8 18 18 24 80 35 42 48 54 60 67 73 79 8 92 9910

*Dashes in the body ot the table indicate that no dacision is possible at the stated jevel of significance. For any Ny and N,
the obaerved vaiue of Uls significant at a given level of significarice If It is equal fo or less fhaii the critical values shown.
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Table 2: Crifical values of Ufor a one-tailed test at p =.01; two-tailed test at p =.02* (Mann-Whiiney)

et

N1 . - loi

’ N, T3 3 4 E 6 7 B8 © 10 it 12 18 14 15 16 17 18 18 o9
1 1
! 5 - 4 - - 4 - - s - - - - 0 0 0 0 g 0 1 4
3 - - - - - - 90 0 1 1 1 2 2 2 3 3 4 4 5
4 - - . o 1 1 2 a3 3 4 5 65 6 7 7 8 8 9 1
5 - . - 0 1 2 B8 4 5 6.7 8 _ 9 10 i1 12 18 14 15 15 .
& - . . 4 2 8-4 8 7 8 9 11 12 13 i5 18 18 19 20 2
7 - - 0o 1 8 4 6 7 9120 12 14 16 17 49 21 23 24 25 98
8 . . o 2 .4 6 7 9 11 13 16 17 20 22 24.26 28 0 RN ¥
g --- 1 8 &5 7 9 11 14 i6-18 21 28 26 28 31 33 36 3]/ 40
0 --- 1 8 6 8 11 13 18 19 "22 24 27 30 33 36 38 41 M4 4
4 - -1 4 7 9 12 15 18 22215 28 81 84 57 41 44 47 80 &3
2 - - 2 5 8 11 14 17 21 24 28 31 35 B8 42 46 49 5 56 €0
45 - 0 2 5 9 12 16 20 23 27 81 35 389 43 47 61 55 59 €3 &
44 - 0 2 6 10 13 17 22 26 30 34 38 43 47 51 56 60 65 €9 73
5 - o0 3 7 11 15 19 24 28 33 37 42 47 51 56 61 66 70 75 8
) i - 0 3 7 12 16 21 26 31 36 41 46. & 56 ‘81 66 71 76, 82 &7
] 7 -.0 4 8 13 18 23 28 33 33 44 49 55 60 66 71 77 82. 83 9%
i - 0 4 9 14 19 24 30 8 41 47 53 59 65 70 76 82 8 94100
49 - 1 4 9 15 20 26 32 38 44 50 56 63 €9 -7 82 88 94 101 107
o0 - 1 5 1016 22 28 34. 40 47 53 €0 67 78 80 8 65 100 107 114
Table 3: Critical values of U for a one-tailed testat p = .025; two-tailed lest at p =.05* (Mann-Whitney)
N‘l .
N, i 2 3 4 5 6 8 9 10 11 12 13 14 16 18 17 18 19 20
q - - - - - - - - - - - - - - - - - - -
9 . - - - - - - 0o 0 0 o 1 1 1 1 T 2 -2 2 2
s - - - - 0o 1 1 2 273 3 4 4 6 &5 6 6 ‘7 7 8
4 - - - 0 1,2 B8 4 4 5 6 7 8 9 10 11 U 12 13 13
5 - - o0 1 2 3 5 6 7 8 913 42 13 4 15 17 18 19 20
6 - - 1 2 3t's5 6 8 10131 13 14 16 17 19 21 22 24 25 27
7 - _ 1's s & 8 10 12 14 16-48 20 22 24 26 26 30 32 34
& - o 2 4 8 8 10 13 15 17 19 22 24 26 20 31 34 36 38 4
9 - 0 2 4 7 10 12 16 1/ 90 23 26 28 8% 34 37 39 42 45 48
0 - o 8 5 8 11 14 17 20 23 26 29 33 06 39 42 45 48 B2 85
44 - 0o B3 8 9 13 16 19 23 26 30 33 87 40 "44 4 "51 55 58 62
.- 12 - 1 4 7 i1 14 18 22 26 29 3B 37 41 45 49 55 57 61 65 69
= 3 - 1 4 '8 12 16 20 24 28 33 3 41 45 50 54 59 @3 67 74 76
g 4 - 1 5 o 13 17 22 26 31 86 40 45 60 55 69 @4 67 T4 78 83
5 1 5 10 14 19 24 29 B84 39 44 49 54 59 64 70 75 80 85 90 .
G 4 6 11 45 21 98 81 37 42 47 53 59 64 70 75 81 & &2 98
2 o 5 11 17 22 28 34 B39 45 51 57 63 67 75 8 87 -9 9N 105
2 o 7 12 48 24 80 896 42 48 55 61 67 74 80 88 93 90 106 112
& 2 7 13 19 25 B2.B8 45 52 68 65 72 78 B85 92 99 106 113 119
§ » 13 20 o7 34 41 48 55 62 €9 76 83 90 98 106 112 119 127
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N, T 2 38 4 5 868 7 8 9 10 1 12 18 14 15 15 17 18 19 20
T e 0
v ... - - 0™0.0 1 i 1 tv2-2 2 3 8 3 g4 4
s . - 0 0 i+ 202 3 3 4 5 5 6 7 7 8 9 g 40 U

4 - - 0 1 2 38 4 5 6 7 8 9 10121 132 14 15 48 47 18

5 - 0 1 2 4 5 6 8 913 12 13 15 16 18 19 20 22 23 26

& - 0 2 3 5 7 8 10 12 14 16 17 18 21 23 95 26 28 30 a2

s - 0 2 4 6 8 11 18 15 17 19 21 24 26 28 30 33 35 37 39

8 - 1 3 5 8 10 13 15 18 20 23 26 28 31 33 36 39 41 M4 &
g#+. {1 8 B © 1215 18 21 24 27 80 383+ 3 30 42 45 48 51 &4
10 - 1 4 7 11 14 47 20 24 27 31 34 37 41 44 48 51 55 58 62
4 - 1 5 8 12 16 19 23 27 81 34 38 42 46 50 54 57 61 6 69
12 - 92 5 9 13 17 21 26 30 34 38 42 47 651 55 60 64 €8 72 7/
13 - 2 6 10 15 19 24 28 33 a7 42 47 &1 56 61 6 70 75 80 84
4 - 2 7 1116 21 2 S 36 41 46 51 56 61 66 Vi 77 82 87 92
45 - 3 7 142 18 23 28 33 39 44 50 55 61 66 72 77 83 8 94100
46 - 3 8 14 19 25 30 36 42 48 54 60 65 71 77 83 8 957101 107
47 - 3 9 15 20 26. 33 39 45 51 &7 64 70 77 83 89 96 102 109 115
18 - 49 16 22 28 35 41 48 55 61 68 75 82 83 95 102 109 16 123
19 - 4 10 17 23 30 o7 44 61 &8 65 72 80 87 94 101 1097 1167123 130
o0 - 4 11 18 25 82 89 47 54 62 69 77 84 92 100 107 115 123 180 138

! : *Dashes in the'bo'dy of the table indicate that no decision Is possible at the stated leve] of significance.
i the observed value of U s significant at a given level of sigrificance if it is equal to-or less than the critical
i Source: Runyon and Haber {1976)

For any N; and Ny,
values shown,

;iAppendix 3: The critical values of T for the Wilcoxon Matched Pairs Signed

of the publisher.
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 Ranks test

‘ : Level of significance for a one-talled fest

i 05 025 .01 .006

1; Level of significance for a two-tailed test

{ N .0  .05. .02 .002

5 0

1E 6 2 0

i 7 3 2 0

{ 8 5 3 i 0

1 9- 8 B 3 b

£ 10 1o 8 5. 83 @

Eoon 13 10 7 5 o

Booo12 17 13 9 7 >

S E 21 17 12 9 T

£t 14 25 21 15 12 . m

o is. @0 25 18 15 3

§ 46 87 29 28 19 C

B 17 41 34 27 23 =

f: 18 47 40 32 27 E

w1 63 46 ar 32 ‘ g

£ 20 80 52 43 37 @

¥ 21 e7 88 4 42 2

B o2 75 85 8 4By orTinatis equalto orfess than the tabled value s significant 3
23 g 78 62 54 at or beyond the level indicated. : e
24 o1 81 69 61 Source: Taken from Table 1 of I}&coormac;k (1965} With permission 2
25 100 89 76 68 o . :
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Appendix 4: Critical values of Spearman’s: Rank Order Gorrelation Ceefficient {r)

Level of signtficance for two-tailed test
) .10 05 .20 .01
Level of significance for one-tailed test
N 05  .025 01 .005
4 1.000, \
900 1.000 1.000

‘soa g8s  .943 1.000

786 893 929

g43, ° 788  .833 .81

600 700 783  .833

584 848 746 794

538 B18 709 755
503 .87 671 727

484 B0 . .B48 703

As4 588 .B22 678

443 521 604 654

420 503 682 635

414 485 566 615

401 A72 T .B50  .BOO

391 460 535 684

© asgp  A47 620 570
a70 435 508 556

361 425 496 544

853 415 486 532

844 408 476 521

837 .39 486 51

331 - B0 457 501
824 882 448 AT
817 .A75 440 AB3

52 888 433 47D

308 4882 425 467

Values of rthat equal or axceed the tabled value are éi'ghiﬁcan‘t at or below the leval indicated.
Source: Zar (1972) . R -
With permission of the author and publisher
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sient (rs) ¢ Appendix 5: Gritical values of y? Ch, - %QCIQG_CJ
E
' * Level of significance for a one-tailed test '
g .10. .06 .025 01 .005 .0003
o 1 184 271 384 .541 664 1083
. - Le'.!a!ci;signiﬁcance far a two-tailled test .- - - o
T4 20 010 05 02 .01 .007
1 484 271 884 541 664 1083
' ! 5 322 480 B9 782 921 1382
' 3 484 625 7.82 984 11.34 1627
4 599 778 .9049 1167 1328 1846
{ 5 720 924 1107 1339 1509 2052
| 6 856 1084 1250 1503 16.81 2248
[ 7 980 1202 1407 1662 1848 2432
2 8 11.03 1888 1551 1847 2009 2612
9 1224 1488 1692 1968 21.67 27.88
10 1344 1589 1831 2116 2321 29.59
11 1483 1728 1988 2262 2472 3126
12 1681 1855 2108 2405 2622 3291
| ! 13 1698 19.81 ©22.38 2547 27.69 34.53
¢ . : 14 4815 2106 2368 2687 2914 8612 . o
15 1881 2231 2500 2825 8058 87.70 i
‘ 16 2046 2354 9630 2963 5200 89.29 -

: 17 2182 2477 2759 83100 3341 4075 :
- i8 2278 2599 2887 3235 3480 42.3% '
v . F 19 2390 2720 3014 3369 3619 4382
: 20 2504 2841 3141 3502 37.57 4532

* 217 2817 2962 3267 3634 38893 46.80
99 27.30 30.81 3392 37.66 4029 4827
23 2843 3201 8517 3887 41.64 4973
24 2855 3320 3642 4027 42.98 51.18
25 3068 84.38 B37.65 .41.57 4431 5262
26 31.80 3558 38.88 4286 4564 5405
27 3291 8674 4041 4414 4896 5548
28 3403 87.92 41.34 4542 4828 55.89
29 3514 39.09 4269 4669 4953 5830
30 36.25 4028 4377 47.96 50.838 59.70
32 3847 4259 4619 50.49 53.49 . 62.49

' 4068 4490 ' 4860 53.00 56.08 65.25

FAryee

A

~
LY O
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36 4288 4721 5100 5540 58.62 67.99 ) : ) _
38 4508 4951 5338 5787 6116 7070 : R @
.. 40 4727 5181 5576 6044 63.69 - 7340 '
3 44 51864 5637 6048 B548 6871 7875

48 5599 B091 6517 7020 73.68 B84.04
52 6033 6542 6883 7502 78.62 8927
¥ 66 64.66 ©9.92 7447 79.82 8351 09446
E B0 6897 7440 7908 84.58 8838 00.61

CL N

' Saloulated value of x? must equal or exceed the table {critical) values for significance at the level shown.
. Source: abridged from Fisher and Yates (1974).-
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if it is equal to or greater than the table value. Degrees of freedom =

Level of significance ' - liora_: :

o ‘ one-tailed ..

‘ %

pairs of scores minus 2

0.005

*“A1directional) =

Table 7.15 Critical value tables for Pearson's product moment correlation test. The P value of Pearson’s product is significant"

| 0.0005

;| hypothesis & -}

|tuio-tailed - 22 | inonediractional) | hypothesis £ ==
N 0.01 oo
% 9 95 99 999 |
5 805 878 959 991 :
6 729 811 917 974 Fiy
17 669 754 875 951 K
8 621 707 834 925 . b
9 582 666 798 898 h
10 549 632 765 872 l
1 521 602 735 847 ]
12 497 576 708 823 \
13 476 553 484 807 Wl
14 458 532 661 78 \
15 441 514 641 76
16 426 497 623 742
17 42 482 406 725
18 4 468 59 708
19 389 456 575 693
20 378 m 561 679
21 369 433 549 665
22 36 423 537 652 |
23 352 413 526 b4
2 ‘ 344 404 515 629
25 337 396 505 418
26° 33 .388 496 .607
27 323 381 487 597
28 317 374 479 588"
29 31 367 A4T1 579
30 306 361, 463 57

i)
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Table 716 Critical value table for the T-test (independent and related t-tests). To be significant T should be equal ta or greater than
the tuble value. Degrees of freedom (df) for a related T-test =N - 1. Degrees of freedom forran independent T - test=N1+ N2

TS Rl YT R oy

svelin i ANCE. |:' _4:: e=talled’: fineciiond : Tl ]... hE
1 ‘_ .05 - 025
Vel [ - = 70T D=1d : [ pn=directi Dl E - $ \ DO
df 2 : 14 05
1 2.0 6314 12.706
2 1.895 292 ' 4.303
3 1.644 2.353 3182
4 ~|1533- . 12132 : 2776
5 . 1.487 2.015 : . 2571
b 1.446 1.943 il 2447
|7 1.41 1.895 : 2,365
8 e 1.860 23080
9 1.389 ' 1.833 2.262
1.376 1.812 ' 2.228
1.348 1.796 2201
12 ; 1.364 1.782 2179
13 j 1.358 : 1771 216
14 1.355 1.761 2445
15 " 11.349 o i e 2131
16 ’ 1.343 , R 47
17 : 1.338 : 1.74 2110
18 1385 0% 1 1.734 2.101
19 ‘ 1.334 ‘ 1.729 2.093
20 - a7 Ry 1.724 2.086
21 1.328 199155 2.08
22 VTN 1.717 R 2074
23 . 1.325 1714 | 2.069
2% 1323 1.711 3 2.064
25 : 1.321 1.708 2.06
26 1.318 _ 1.706 2.056 o
7 1.316 1.703 ' 2.052 ¥ |
1.314 1.701 2.048 3 J
29 e 1.699 2.045 i
30 s f 1.697 2.042 j




