APPENDIX B

CRITICAL VALUES FOR
t-DISTRIBUTIONS

Table B.1 contains critical values or percentiles for t-distributions; a description of how
to use the table precedes it. Figure B.1 illustrates how to use the table to find bounds for
an upper tail p-value. Bounds for a lower tail p-value involve a similar procedure for the
negative (left-hand) side of the density curve. To find bounds for a two tail p-value, multiply
each bound for the corresponding upper tail p-value by 2; for example, the two tail p-value
for the situation in Figure B.1 lies between 0.05 and 0.10.

Use Table B.1 and Figure B.2 to find critical values or percentiles for t-distributions;
each row of the table corresponds to a t-distribution with the degrees of freedom shown in
the left-hand column. The critical values in the body of the table represent values along
the horizontal axis of the figure. Each upper tail significance level in bold at the top of the
table represents the area under the curve to the right of a critical value. For example, if the
curve in the figure represents a t-distribution with 60 degrees of freedom, the right-hand
shaded area under the curve to the right of the critical value 2.000 represents an upper tail
significance level of 0.025. Each two tail significance level in bold at the bottom of the
table represents the sum of the areas to the right of a critical value and to the left of the
negative of that critical value. For example, for a t-distribution with 60 degrees of freedom,
the sum of the shaded areas under the curve to the right of the critical value 2.000 and to
the left of —2.000 represents a two tail significance level of 0.05.
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Figure B.1L Density curve for a t-distribution showing two critical values from Table B.1
immediately to the left and to the right of a calculated test statistic. The upper tail p-value is between
the corresponding upper tail significance levels at the top of the table, in this case 0.025 and 0.05.
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Figure B.2.  Density curve for a t-distribution showing critical values (or percentiles or t-statistics)
along the horizontal axis and significance levels (or probabilities or p-values) as areas under the curve,

For t-distributions with degrees of freedom not in the table (e.g., 45), use the table row
corresponding to the next lowest number (i.e., 40 for 45 degrees of freedom). Alternatively,
use Microsoft Excel function TINV(P,DF), where P is the two tail significance level and DF
is the degrees of freedom. For example, TINV(0.05,40) is 2.021, while TINV(0.05,45)
is 2.014. For an upper tail test, multiply the upper tail significance level by 2 to convert it
into a two tail significance level, and then use the TINV function. For example, the criti-
cal value for an upper tail test using (upper tail) significance level 0.05 is TINV(0.1,40)
{which comes to 1.684). Excel can also be used to turn these calculations around. For
example, to calculate tail areas (p-values) from values along the horizontal axis (test statis-
tics), use TDIST(T,DF,TAILS), where T is the value of the test statistic, DF is the degrees
of freedom, and TAILS is the number of tails (1 for upper tail tests, 2 for two tail tests).
Thus, TDIST(2.021,40,2) is 0.05, while TDIST(2.021,40,1) is 0.025.



Table B.1. Critical values for t-distributions calculated using Microsoft Exce! function
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TINV(P,DF), where P is the two tail significance level, DF is degrees of freedom. The final row
of the table labeled Z represents the standard normal distribution (equivalent to a t-distribution
with infinite degrees of freedom).

t-distribution upper tail significance level

ar 0.1 0.05 0.025 0.01 0.005 0.001
2 1.886 2.920 4303 6.965 9.925 22.327
3 1.638 2.353 3.182 4.541 5.841 10215
4 1.533 2.132 2.776 3.747 4.604 7.173
5 1.476 2,015 2.571 3.365 4.032 5.893
6 1.440 1.943 2.447 3.143 3.707 5.208
7 1415 1.895 2.365 2.998 3.499 4.785
8 1.397 1.860 2.306 2.896 3355 4.501
9 1.383 1.833 2262 2.821 3.250 4297

10 1372 1.812 2.228 2.764 3.169 4.144

11 1.363 1.796 2.201 2.718 3.106 4.025

12 1356 1.782 2.179 2.681 3.055 3.930

13 1.350 1771 2.160 2.650 3.012 3.852

14 1.345 1.761 2.145 2.624 2.977 3.787

15 1.341 1.753 2.131 2.602 2.947 3.733

16 1.337 1.746 2.120 2.583 2.921 3.686

17 1.333 1.740 2.110 2.567 2.898 3.646

18 1.330 1.734 2.101 2.552 2.878 3.610

19 1.328 1.729 2.093 2.539 2.861 3.579

20 1.325 1.725 2.086 2.528 2.845 3.552

21 1.323 1.721 2.080 2.518 2.831 3.527

2 1.321 1.717 2.074 2.508 2.819 3.505

23 1319 1714 2.069 2.500 2.807 3.485

24 1318 1.711 2.064 2.492 2797 3.467

25 1316 1.708 2.060 2.485 2.787 3.450

26 1315 1.706 2.056 2.479 2.779 3.435

27 1314 1.703 2.052 2473 2.771 3.421

28 1313 1.701 2.048 2.467 2.763 3.408

29 1311 1.699 2.045 2.462 2.756 3.396

30 1310 1.697 2.042 2457 2.750 3.385

40 1303 1.684 2.021 2.423 2.704 3307

50 1.299 1.676 2.009 2.403 2678 3.261

60 1.296 1.671 2.000 2.390 2.660 3232

70 1.294 1.667 1.994 2.381 2.648 3211

80 1.292 1.664 1.990 2374 2.639 3.195

) 1.291 1.662 1.987 2.368 2.632 3.183

100 1.290 1.660 1.984 2.364 2.626 3.174
200 1.286 1.653 1972 2.345 2.601 3.131
500 1.283 1.648 1.965 2334 2.586 3.107
1000 1.282 1.646 1.962 2.330 2.581 3.098
z 1.282 1.645 1.960 2.326 2.576 -3.090
daf 02 0.1 0.05 0.02 0.01 0.002

t-distribution two tail significance level





