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The general purpose of the repeated-measures ANOVA is to determine whether the differences
that are found between treatment conditions are significantly greater than

would be expected if there is no treatment effect. In the numerator of the F-ratio, the
between-treatments variance measures the actual mean differences between the treatment
conditions. The variance in the denominator is intended to measure how much
difference is reasonable to expect if there are no systematic treatment effects and no
systematic individual differences. In other words, the denominator measures variability
caused entirely by random and unsystematic factors. For this reason, the variance in the
denominator is called the error variance. In this section we examine the elements that
make up the two variances in the repeated-measures F-ratio.

The numerator of the F-ratio: between-treatments variance Logically, any differences
that are found between treatments can be explained by only two factors:

1. Systematic Differences Caused by the Treatments. It is possible that the

different treatment conditions really do have different effects and, therefore,

cause the individuals’ scores in one condition to be higher (or lower) than in

another. Remember that the purpose for the research study is to determine

whether a treatment effect exists.

2. Random, Unsystematic Differences. Even if there is no treatment effect, it is
possible for the scores in one treatment condition to be different from the scores

in another. For example, suppose that | measure your I1Q score on a Monday

morning. A week later | come back and measure your 1Q again under exactly

the same conditions. Will you get exactly the same 1Q score both times? In fact,

minor differences between the two measurement situations would probably

cause you to end up with two different scores. For example, for one of the 1Q

tests you might be more tired, or hungry, or worried, or distracted than you

were on the other test. These differences can cause your scores to vary. The

same thing can happen in a repeated-measures research study. The same individuals

are measured at two or more different times and, even though there

may be no difference between the two treatment conditions, you can still end

up with different scores. However, these differences are random and unsystematic

and are classified as error variance.

Thus, it is possible that any differences (or variance) found between treatments

could be caused by treatment effects, and it is possible that the differences could simply
be the result of chance. On the other hand, it is impossible that the differences

between treatments are caused by individual differences. Because the repeatedmeasures
design uses exactly the same individuals in every treatment condition, individual
differences are automatically eliminated from the variance between treatments

in the numerator of the F-ratio.

The denominator of the F-ratio: error variance The goal of the ANOVA is to
determine whether the differences that are observed in the data are greater than would
be expected without any systematic treatment effects. To accomplish this goal, the
denominator of the F-ratio is intended to measure how much difference (or variance) is
reasonable to expect from random and unsystematic factors. This means that we must
measure the variance that exists when there are no treatment effects or any other systematic
differences.

We begin exactly as we did with the independent-measures F-ratio; specifically,
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we calculate the variance that exists within treatments. Recall from Chapter 12 that
within each treatment all of the individuals are treated in exactly the same way.
Therefore, any differences that exist within treatments cannot be caused by treatment
effects.

In a repeated-measures design, however, it is also possible that individual differences
can cause systematic differences between the scores within treatments. For

example, one individual may score consistently higher than another. To eliminate the

In summary, the F-ratio for a repeated-measures ANOVA has the same basic structure
as the F-ratio for independent measures (Chapter 12) except that it includes no
variability caused by individual differences. The individual differences are automatically
eliminated from the variance between treatments (numerator) because the
repeated-measures design uses the same individuals in all treatments. In the denominator,
the individual differences are subtracted during the analysis. As a result, the
repeated-measures F-ratio has the following structure:

_ between-treatments variance

F=

eITor variance

treatment effects 4+ random, unsystematic differences

random, unsystematic differences

Note that this F-ratio is structured so that there are no individual differences contributing
to either the numerator or the denominator. When there is no treatment effect,

the F-ratio is balanced because the numerator and denominator are both measuring
exactly the same variance. In this case, the F-ratio should have a value near 1.00. When
research results produce an F-ratio near 1.00, we conclude that there is no evidence of

a treatment effect and we fail to reject the null hypothesis. On the other hand, when a
treatment effect does exist, it contributes only to the numerator and should produce a
large value for the F-ratio. Thus, a large value for F indicates that there is a real treatment
effect and, therefore, we should reject the null hypothesis.

EXERCISES

1. Explain why individual differences do not contribute to the between-treatments
variability in a repeated-measures study.

2. What sources of variability contribute to the within-treatment variability for a
repeated-measures study?

3. Describe the structure of the F-ratio for the repeated-measures ANOVA.

ANSWERS

1. Because the individuals in one treatment are exactly the same as the individuals in every
other treatment, there are no individual differences from one treatment to another.

2. Variability (differences) within treatments is caused by individual differences and random,
unsystematic differences.

3. The numerator of the F-ratio measures between-treatments variability, which consists of
treatment effects and random, unsystematic differences. The denominator measures variability
that is exclusively caused by random, unsystematic differences.
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FIGURE 13.2
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DEFINITION:In a repeated-measures ANOVA, the denominator of the F-ratio is called the
residual variance, or the error variance, and measures how much variance is
expected if there are no systematic treatment effects and no individual differences contributing to

the variability of the scores.



DEMONSTRATION 13.1

REPEATED-MEASURES ANOVA

The following data were obtained from a research study examining the effect of sleep
deprivation on motor-skills performance. A sample of five participants was tested on a
motor-skills task after 24 hours of sleep deprivation, tested again after 36 hours, and tested
once more after 48 hours. The dependent variable is the number of errors made on the
motor-skills task. Do these data indicate that the number of hours of sleep deprivation has
a significant effect on motor skills performance?

Participant 24 Hours 36 Hours 48 Hours P totals

A 1] 0 6 6 N= 15
B 1 3 5 9 G = 45
[ 1] 1 5 ) 3X? =245
D 4 5 9 18
E 1] 1 5 )

T= 5 T=10 T =30

55 =12 55 =16 55 =12

STEP 1 State the hypotheses, and specify alpha. The null hypothesis states that, for the general
population, there are no differences among the three deprivation conditions. Any differences
that exist among the samples are simply the result of chance or error. In symbols,

Hp: g = p2 = pa
The alternative hypothesis states that there are differences among the conditions.

Hy: At least one of the treatment means is different.

SSyithin = % SSinside each treatment — 12 + 16 + 12 = 40
2 2 2 2 ! 3
SShetween= TT - % =%+%+%—%=T
and the corresponding degrees of freedom are
g =N=-1=14
Afinin = Zdf =4+ 4 +4=12
Afvorween =k — 1 =2

STAGE 2 The second stage of the repeated-measures analysis measures and removes the individual
differences from the denominator of the F-ratio.

P Gt
SSbetween subjects = N
67 97 & 187 & 457
=t —F—F+———
3 3 3 3 3 15
=36
S8error = SSwithin = SSberween subjects
=40 — 36

=4
and the corresponding df values are
dfverween subjects = 1 — =4

qﬁm = dfwimin - dfbetwm subjects

12—-4



The mean square values that form the F-ratio are as follows:

sS,
MSbetween = —df::*” = ? =35
een
S5,
MS,, = 2 _ 4 _ g5
ferrar 8

Finally, the F-ratio is

_ Msbetween _ 35

= — 70.00
MSore  0.50

F

STEP 3 Make a decision and state a conclusion. With df = 2, 8 and & = .05, the critical
value is F = 4.46. Our obtained F-ratio (F = 70.00) is well into the critical region, so our
decision is to reject the null hypothesis and conclude that there are significant differences
among the three levels of sleep deprivation.

FRATION 13.2

EFFECT SIZE FOR THE REPEATED-MEASURES ANOVA

We compute n°, the percentage of variance explained by the treatment differences, for the
data in Demonstration 13.1. Using Equation 13.11 we obtain

55
le _ between treatments 70 — E =095 (or95%)

T SStetween treatments + SSere 0+ 4 74




TABLE B.4 THE F DISTRIBUTION*

*Table entries in lightface type are critical values for the .05 level of significance.
Boldface type values are for the .01 level of significance.

Crifical
F
Degrees of Degrees of Freedom: Numerator
Freedom:
Denominator| 1 2 3 4 5 & 7 8 9 10 11 12 14 16 20

1 6l 200 216 225 230 234 237 239 24| 242 243 244 245 M6 248
4052 4999 5403 5625 53764 5859 3928 981 6022 6056 6082 6106 6142 6169 6208
2 1851 19.00 19.16 1925 1930 1933 1936 1937 1938 1939 1940 1941 1942 1943 1944
98.49 99.00 99.17 99.25 99.30 99.33 9934 9936 99358 9940 9941 9942 9943 99.44 9945
3 10,13 955 928 912 901 89 888 884 8Bl 878 876 874 871 B69 B66
3412 3092 2946 2871 28.24 2791 27.67 2749 2734 27.23 273 2705 2692 26.83 16.69
4 771 694 659 639 626 616 609 604 600 59 593 591 587 584 580
21.20 18.00 16.69 1598 1552 1521 1498 1480 1466 1454 1445 14.37 14.24 1415 1402
5 661 579 541 519 505 495 488 482 478 474 470 468 464 460 456
16.26 13.27 1206 11.39 1097 10.67 1045 1027 1015 1005 99 989 977 9.68 9.55
6 5399 514 476 453 439 428 421 4105 410 406 403 400 396 392 387
13.74 1092 978 915 875 847 826 810 798 787 .79 7.7 140 752 739
7 559 474 435 412 397 387 379 373 368 363 360 357 352 349 344
1225 955 845 785 746 719 700 684 671 662 654 647 635 627 615
8 532 446 407 384 369 358 350 344 339 334 331 328 323 320 315
11.26 865 759 701 663 637 619 603 591 582 574 567 556 548 536
9 512 426 386 363 348 337 329 323 318 313 310 307 302 298 293
10.56 8.02 699 642 606 580 562 547 535 526 518 511 500 492 4580
10 49 410 371 348 333 322 304 307 302 297 294 291 286 282 277
1004 756 655 599 564 539 521 506 495 485 478 471 460 452 441
11 484 398 359 336 320 309 301 295 290 286 2382 279 274 270 265
965 720 622 567 532 507 488 474 463 454 446 440 429 421 410
12 475 388 349 326 311 300 292 285 280 276 272 269 264 260 254
033 693 595 541 506 482 4465 450 439 430 422 416 405 398 186
13 467 380 341 318 302 292 284 277 272 267 2683 260 255 251 246
907 670 574 520 486 462 444 430 419 410 402 3% 385 ALTR 347
14 460 374 334 311 29 28 277 270 265 260 256 253 248 244 239
886 651 556 503 469 446 428 414 403 394 386 3B0 370 36l 351
15 454 368 329 306 290 279 270 264 259 255 251 248 243 239 233
8.68 636 542 489 456 432 414 400 389 380 XTY 36T 356 348 336
16 449 363 324 301 285 274 266 259 254 249 245 242 237 233 228
853 623 529 477 44 420 403 38 378 369 361 355 345 33T 325




-’i:.f,rl IN THE LITERATURE
REPORTING THE RESULTS OF A REPEATED-MEASURES ANOVA

As described in Chapter 12 (p. 409), the format for reporting ANOV A results in

journal articles consists of

1. A summary of descriptive statistics (at least treatment means and standard

deviations, and tables or graphs as needed)
2. A concise statement of the outcome of the ANOVA

For the study in Example 13.1, the report could state:

The means and variances for the four television viewing distances are shown in
Table 1. A repeated-measures analysis of variance indicated significant mean

differences in the participants’ ratings of the four distances, F(3, 12) = 24 .88,
p < .01, n* = 0.862.

TABLE 1
Ratings of satisfaction with different television-viewing distances
9 Feet 12 Feet 15 Feet 18 Feet
M 1.00 2.00 5.00 4.00
5D 1.41 1.41 1.58 1.22
SPSS OUTPUT
Descriptive Statistics
Mean Std. Dewviation N
WVARDOOOT 1.0000 1.41421 5
WVARDOODZ 2.0000 1.41421 5
WVARDOOD3 5.0000 1.58114 5
WVARDOOD4 4.0000 1.22474 b
Tests of Within-Subjects Effects
Measure: MEASURE 1
Type Il Sum Mean .
Source of Squares df Square F Sig.
factor 1 Sphericity Assumed 50.000 3 16667 | 25000 | 000
Greenhouse-Geisser 50.000 1.600 31.250 | 25.000 | .001
Huynh-Feldt 50.000 2.500 20000 | 25000 | .000
Lowerbound 50.000 1.000 50,000 | 25.000 | .007
Error (factor 1) Sphericity Assumed 8.000 12 bET
Greenhouse-Geisser 8.000 6.400 1.250
Huynh-Feldt 8.000 10.000 800
Lowerbound 8.000 4.000 2.000

e A




15. A researcher is evaluating customer satisfaction with
the service and coverage of two phone carriers. Each
individual in a sample of n = 25 vses one carrier for
two weeks and then switches to the other. Each
participant then rates the two carriers. The following
table presents the results from the repeated-measures
ANOVA comparing the average ratings. Fill in the
missing values in the table. (Hinf: Start with the
df values.)

Source 55 df Ms

Between treatments

Within treatments
Between subjects
Error 12

Total 23

16. The following summary table presents the results from a
repeated-measures ANOVA comparing three treatment
conditions with a sample of n = 11 subjects. Fill in
the missing values in the table. (Hint: Start with the
df values.)

Source 55 df Ms
Between treatments F=35.00
Within treatments 80 -_
Between subjects .
Error (1l -
Total -

17. The following summary table presents the results
from a repeated-measures ANOVA comparing four
treatment conditions, each with a sample of n = 12
participants. Fill in the missing values in the table.
(Hint: Start with the df values.)

Source 55 df Ms
Between treatments 54 - 0 F=___
Within treatments

Between subjects

Error - 3

Total 194

[
B

. How does the denominator of the F-ratio (the error

term) differ for a repeated-measures ANOVA
compared to an independent-measures ANOVA?

The repeated-measures ANOVA can be viewed as a
two-stage process. What is the purpose of the second
stage?

A researcher conducts an experiment comparing

three treatment conditions with 1 = 10 scores in each

condition.

a. If the researcher uses an independent-measures
design, how many individuals are needed for the
study and what are the df values for the F-ratio?

b. If the researcher uses a repeated-measures design,
how many individuals are needed for the study and
what are the df values for the F-ratio?

A researcher conducts a repeated-measures experiment
using a sample of n = 8 subjects to evaluate the dif-
ferences among four treatment conditions. If the
results are examined with an ANOVA, what are

the df values for the F-ratio?

. A researcher uses a repeated-measures ANOVA (o

evaluate the results from a research study and reports

an F-ratio with df = 2, 30.

a. How many treatment conditions were compared in
the study?

b. How many individuals participated in the study?

6. A published report of a repeated-measures research study
includes the following description of the statistical
analysis. “The results show significant differences among
the treatment conditions, F(2, 20) = 6.10, p <.01."

a. How many treatment conditions were compared in
the study?
b. How many individuals participated in the study?




