Dependent Groups Honestly Significant Difference (HSD) -- Pairwise Comparisons for
k-Within-Group Designs

Application: To perform pairwise comparisons of means of a quantitative variable obtained from 3 or more dependent groups

(repeated measures or matched groups) -- usually used as a follow-up after rejecting HO: from a dependent groups ANOVA.

The procedure has the same two steps as the LSD, however the minimum significant mean difference is computed
differently. Remember, the HSD procedure is more conservative than the LSD procedure (minimizing Type | errors), but at the
possible cost of increasing Type Il errors. Thus, for a given set of data, the minimum mean difference using the HSD procedure will
always be larger than the minimum mean difference based on the LSD procedure.

The data for this example are taken from the Dependent Groups ANOVA example above.
Step 1 Arrange the conditions so that the means are in descending order.

Fi sh Manmal s Reptil es
23.92 21.50 9.25
Fi sh 23.92
Mamal s 21.50

Reptil es 9.25

Step 2 Compute the pairwise mean differences between conditions. We need fill-in only the bottom triangle, because the upper
diagonal would provide the same information.

Fi sh Manmal s Reptil es
23.92 21.50 9.25
Fi sh 23.92
Mamal s 21.50 2.42
Reptil es 9.25 14. 67 12. 25

Step 3 Obtain the MSeror from the between groups omnibus-F analysis -- given in Step 14 of that procedure.
From the exanple data, MSg,o = 33.39
Step 4 Obtain n, the number of subjects in the design.
Fromthe exanple data, n = 12 in each of the conditions
Step 5 Obtain k, the number of conditions or means involved in the design

From the exanple data, k = 3 conditions or neans

Step 6 Obtain the dferor from the between groups omnibus-F analysis -- given in Step 13 of that procedure.

From t he exanpl e dat a, df gror = 22

Step 7 Use Table Q to find the Studentized range statistic. To use Table Q you must know three values, error given by dferor, k

(the number of conditions), and the p-value (use a = .05). Sometimes, with larger df, the table doesn't include the df you
are looking for. When this happens, just use the next smaller df that is included on the table. For example, if you had df = 33,
you would use the Q for df = 30.

For the exanple data, Qdfgro =22, k =3, p=.05 = 3.58

Step 8 Compute dusp -- the minimum significant pairwise mean difference, based on the HSD procedure

dip = Q% -------n- = 3.58 % ------- = 4.04 % ----- = 3.58 * 1.67 = 5.98



Step 9 Compare each of the pairwise mean differences to the dusp, and determine whether to reject or retain the null hypothesis
for each pairwise comparison. Remember to examine each of the pairwise comparisons.

-- if the mean difference is less than the dusp, then retain the null hypothesis -- conclude that the populations represented
by those two conditions have the same mean score on the quantitative variable

-- if the mean difference is greater than thedunsp then reject the null hypothesis -- conclude that the populations represented
by those two conditions have different mean scores on the quantitative variable

For these data, we would conclude that there is not a significant difference
bet ween t he nean nunber of fish and manmal s di splayed (2.42 < 5.98); there is a
significant difference between the nean nunber of fish and reptiles (14.67 > 5.98), and
also a significant difference between the nean nunber of reptiles and mammual s di spl ayed
(12.25 > 5.98).

Step 10 IF you reject the null hypothesis, determine whether the pattern of the mean differences completely supports, partially
supports, or does not support the research hypothesis. You must consider the research hypothesis carefully!
Sometimes researchers hypothesize that a pair of conditions will have different means (predict rejecting the null).
Sometimes they will predict that a pair of conditions will have similar means (predict retaining the null).

-- IF EVERY pairwise comparison has results that agree exactly with the research hypothesis (including the DIRECTION of
the mean difference if you reject the null for that pairwise comparison) agrees exactly with the research hypothesis, then
the research hypothesis is completely supported.

-- IF SOME BUT NOT ALL of the pairwise comparisons have results consistent with the research hypothesis, then the
research hypothesis is partially supported

There are three ways a pairwise comparison would not support the research hypothesis:
-- the research hypothesis predicts a mean difference and you retain the null for that comparison
-- the research hypothesis predicts a mean difference in the opposite direction of the one found in that comparison
-- the research hypothesis predicts the two conditions will have similar means, but you rejected the null hypothesis for
that comparison

-- IF NO pairwise comparison has results consistent with the research hypothesis, then the research hypothesis is not
supported by the data.

The researcher hypothesized that stores would tend to display nore fish than
ot her types of animals, fewer reptiles, and an internmedi ate nunber of manmals. This
“translates” into an expected pairw se difference between all pairs of store types fish
> mamuals > reptiles (with the inplication that fish > reptiles).

Based on the results of the HSD analysis, we would conclude there is only PARTIAL SUPPORT for the
research hypothesis. As hypothesized, stores displayed significantly more fish than either reptiles, and also displayed
significantly more mammals than reptiles. However, contrary to the research hypothesis, there was no significant
difference between the number of fish and mammals displayed.

The data: In this analysis (which corresponds to the second application described above) the quantitative variable is the number of
each of three types of animals (fish, reptiles, or mammals).

Name the quantitative variables and tell mean and standard deviation for each

The F-value, df (in parentheses) and p-value (p < .05 or p >.05).

Tell that an LSD was used and report the minimum mean difference.

Describe the pattern of the data (which group(s) has the larger mean, if there is a significant difference)
Whether or not the results support the research hypothesis

You should notice that the important difference between this report and that given above following the ANOVA is that here
the description of differences among the means is attributed to the results of the HSD analysis, rather than “inspection” of the
means. The example also shows a common way of reporting the results of the pairwise HSD comparisons — using letters to
indicate which means were significantly different.



There was a significant difference anong the distributions of the three types of
animals, F(2,22) = 22.22, p < .05 MSE = 33.39. Pairw se conparison of the means using
the HSD procedure (mninmum mean difference = 5.98) reveal ed that, consistent with the
research hypothesis, nmore fish (M= 23.92, S = 9.61) than reptiles (M= 9.25, S = 4.27)
were di splayed on average and also nore manmmals (M= 21.50, S = 12.87) than reptiles
wer e di spl ayed on average. However, contrary to the research hypothesis, there was not
much of a difference between the average nunber of fish and mammal s

Here is the same thing using a Table to present the univariate statistics.

Table 1 sunmarizes the data for the nunmbers of aninmals displayed at the stores.
There was a significant difference anong the neans of the three types of aninals,
F(2,22) = 22.22, p < .05 MSE = 33.39. Pairw se conparison of the means using the HSD
procedure (mni mum nmean difference = 5.98) reveal ed that, consistent with the research
hypot hesis, nore fish than reptiles were di splayed on average and al so nore nmammal s than
reptiles were displayed on average. However, contrary to the research hypothesis, there
was not a significant difference between the average nunber of fish and mammal s
di spl ayed.

Table 1
Number of animals of each type displayed in the pet stores.

Type of Animal

Number of Animals Displayed Fish Mammals Reptiles

M 23.92° 21.50° 9.25°

S 9.61 12.87 4.27

Note: Means that were significantly different based on HSD analysis are labeled with different letters.

By the Way: Sometimes LSD and HSD analyses will produce different results for one or more of the pairwise comparisons. If so,
the difference will always be that for the comparison in question, you have rejected HO: based on the LSD test (the more sensitive
test) and retained HO: based on the HSD test (the more conservative test). When this happens you should consider the following: 1)
There is a general trend among statisticians (and journal editors) towards "statistical conservatism". (This leads into a complicated
but very important discussion of whether we should be more fearful of “claiming effects that are not really there," or of "failing to
identify effect that are really there."); 2) More importantly, you should remember rejecting the null for a particular analysis is not a
guarantee that the effect is "really there" (no matter what p-value is used). Replication (finding the effect in several different studies)
is a much better (but still not perfect) indicator of the "reality” of an effect.



Table Q: Studentized Range Statistic Values of Q (for HSD computations) fora =.05 & a = .01

Denominator k = number of means
df a 2 3 4 5 6

5 .05 3.64 4.60 522 567 6.03
.01 570 6.98 7.80 8.42 891

6 .05 346 4.34 490 530 5.63
.01 524 633 7.03 756 7.97

7 .05 334 416 4.68 5.06 5.36
.01 495 592 6.54 7.01 7.37

8 .05 3.26 4.04 453 489 517
.01 475 564 6.20 6.62 6.96

9 .05 3.20 395 441 476 5.02
.01 460 543 596 6.35 6.66

10 .05 3.15 3.88 4.33 4.65 4.91
.01 448 527 577 6.14 6.43

11 .05 3.11 3.82 4.26 4.57 4.82
.01 439 515 562 597 6.25

12 .05 3.08 3.77 4.20 4.51 475
.01 432 505 550 5.84 6.10

13 .05 3.06 3.73 4.15 4.45 4.69
.01 426 496 540 573 5.98

14 05 3.03 3.70 411 441 4.64
.01 421 489 532 563 5.88

15 .05 3.01 3.67 4.08 4.37 4.59
.01 417 484 525 556 5.80

16 .05 3.00 3.65 4.05 4.33 4.56
.01 4.13 479 5.19 5.49 572

17 .05 298 3.63 4.02 4.30 4.52
.01 4.10 4.74 5.14 5.43 5.66

18 .05 297 3.61 4.00 4.28 4.49
.01 4.07 470 5.09 5.38 5.60

19 .05 296 359 3.98 4.25 4.47
.01 4.05 4.67 5.05 533 555

20 .05 295 3.58 3.96~ 4.23 4.45
.01 4.02 464 502 529 551

30 .05 2.89 3.49 3.85 4.10 4.30
.01 3.89 445 480 505 524

40 .05 2.86 3.44 3.79 4.04 4.23
.01 382 437 470 4.93 511

60 .05 283 340 3.74 398 4.6
.01 3?76 4.28 459 4.82 499

120 .05 2.80 3.36 3.68 3.92 4.10
.01 3.70 420 450 4.71 4.87

¥ .05 277 331 3.63 3.86 4.03
.01 364 412 440 4.60 4.76



