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Technicalnote: The two faces of the 
split-plot analysis of variance 

ROBERTZENHAUSERN 
St. John's University, Jamaica, New York 11499 

Three separate sources provide incomplete information on the computer analysis of the split-plot 
factorial analysis of variance. Illustrative data are used to point out the mathematical and logical 
inconsistencies that arise from this deficiency. 

A frequently voiced complaint regarding the area of 
data analysis is the lack of a standardized terminology. 
The term "split-plot" provides a clear example of this 
problem because it can refer to two entirely different 
designs. Hicks (1964), Snedecor (1956), and Sokol and 
Rohlf (1969) discuss one type of split-plot in which 
there are no repeated measures, and thus subjects is not 
a source of variance. The rationale for the design in
cludes such considerations as (I) "to obtain more precise 
information ... " (Sokol & Rohlf, p. 363) and (2) "it may 
not be possible to completely randomize the order of 
experimentation ... " (Hicks, p. 190). In general, the de
sign is suggested as a way to increase precision and 
efficiency, to avoid randomization problems, and to 
decrease cost. 

While this meaning of split-plot implies that the 
design is useful, but not necessary, the second meaning 
(the design much more useful for psychology) involves 
a necessary, as well as useful, design. This type of split
plot analysis of variance (Kirk, 1968; Winer, 1971) is 
a factorial design which includes repeated measures, as 
well as both between and within factors. A between 
factor is one in which a subject appears on only one 
level of an independent variable, while a within factor is 
one in which a subject appears on all levels of an inde
pendent variable. An example might be a design in which 
males and females are tested under several conditions. 
Sex is obviously a between factor, since a subject can 
appear in only one of the two categories. Conditions, 
on the other hand., is a within factor, since each subject 
is tested under each level. The variance estimates for the 
experimental conditions present no problem, but the 
measures of error depend on the kind of factor involved. 
The subject sums of squares is partitioned into the 
experimental sums of squares (sex) and the error sums of 
squares (subjects within groups) which is the appropriate 
error term for the between factor. The correct error 
term for the two within partitions (conditions and 
conditions by sex) is the interaction of conditions (the 
within factor) and the between error term (conditions 
by subjects within groups). 

Three $ources, an IBM technical manual (1970) and 
textbooks by Afifi and Azen (1972) and Ralston and 

Table I 
IDustrative Data 

BI B2 B, B4 

SI 10 16 9 15 
Al S2 15 13 8 19 

S, 14 18 6 20 

S4 9 7 17 10 
A2 S5 12 7 15 13 

S, 11 5 14 11 

S, 8 9 10 4 
A, S, 7 5 16 3 

S9 4 8 14 6 

Wilf (1960) consider only the first type of split-plot. 
When this procedure is applied to the second type of 
split-plot design, several serious problems arise. The 
between-error term these three sources recommend is 
the interaction of subjects by sex. Beyond being mathe
matically incorrect, it is logically unsound. Such an 
interaction would mean that a subject reacts differently 
when he (she) is in the male category than when he (she) 
is in the female category. 

Illustrative data are presented in Table 1. Factor A is 
a between factor (e.g., grade level) and three subjects 
appear in each level of A, for a total of nine subjects in 
the whole design. Factor B is a within factor (e.g., condi
tions), under all levels of which each of the nine subjects 
appear, for a total of four scores for each subject. The 
correct split-plot analysis is shown in Table 2. 

An interesting problem arises concerning the number 
of subjects in the design, assuming that the A by Sub-

Table 2 
Correct Summary of Split-Plot Analysis 

SV df SS MS F 

Subjects 8 211.72 
A 2 198.72 99.36 45.78 
Subjects within groups 6 13 2.17 
B 3 32.22 10.74 2.16 
A by B 6 402.61 67.10 13.47 
B by Subjects within groups 18 89.67 4.98 

Total 35 736.22 
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Table 3 
Incorrect Split-Plot Analysis of Variance Assuming Nine Subjects 

in the Design 

SV df SS MS F 

Subjects 8 211.72 
A 2 198.72 99.36 171.31 
AbyS 16 9.28 .58 
B 3 32.22 10.74 8.62 
A by B 6 402.61 67.10 53.68 
(B by S) + (A by B by S) 72 89.67 1.25 

Total 107 944.22 

jects interaction is the appropriate error term for the 
between factor. The first question that must be asked is 
how many subjects are in the experiment. One answer 
is nine. Table 3 represents the analysis that would result 
under this assumption. The most obvious discrepancy is 
that, although there are only 36 scores, there are 107 
degrees of freedom and the total sums of squares has 
increased from 736.22 to 944.22. The use of nine sub
jects assumes that each subject appears in each of the 12 
AB conditions, for a total of 108 scores. This is clearly 
untenable. 

If the assumption is made that only three subjects 
appear in the design, the resulting analysis would be 
represented in Table 4. This, at least, does not over
partition. The design, however, is a randomized block 
factorial, not a split plot. Under this possibility, SI , S4, 
and S7; S2, Ss, and S8; and S3, S6, and S9 are each 
considered a single subject. This, too, is untenable. 

This problem first emerged when a student brought 
the results of an analysis to me and it was clear that 
something was wrong. After tracing down several 
sources, it was obvious that the problem had existed 
since at least 1960. Since the IBM manual is in its fifth 
edition, it may have existed even before then. It is 
impossible to state how many studies have been incor-

Table 4 
Incorrect Split-Plot Analysis of Variance Assuming 

Three Subjects in the Design 

SV df SS MS F 

Subjects 2 3.72 
A 2 198.72 99.36 42.82 
A by Subjects 4 9.28 2.32 
B 3 32.22 10.74 2.15 
A byB 6 402.61 67.10 13.47 
(B by S) + (A by B by S) 18 89.67 4.98 

Total 35 736.22 

rectly analyzed since that time, but hopefully the 
sources will soon be corrected. It should be noted that 
the main problem is not in the program or in its instruc
tions but in the user. There should be some warning, 
however, that the term split-plot can have more than one 
meaning, and the user should ascertain which of the two 
is appropriate to his data. 

REFERENCES 

AFIFI, A., & AZEN, S. Statistical analysis: A computer 
oriented approach. New York: Academic Press, 1972. 

HICKS, C. Fundamental concepts in the design of experiments. 
Holt, Rinehart, & Winston: New York, 1964. 

IBM APPLICATION PROGRAM. Systeml360 scientific subroutine 
paclcage [version III]. Programmers Manual (5th ed.). White 
Plains', N. Y: 1970. 

KIRK, R. Experimental design procedures for the behavioral 
sciences. Belmont, Calif: Brooks/Cole, 1968. 

RALSTON, A., & WILF, H. Mathematical methods for digital 
computers. New York: Wiley, 1960. 

SNEDECOR, G. Statistical methods. Ames, Iowa: Iowa State 
University Press, 1956. 

SOKOL, R., & ROHLF, J. Biometry. San Francisco: Freeman, 1969. 
WINER, B. Statistical principles in experimental design 

(2nd ed.). New York: McGraw-Hili. 1971. 

(Received for publication October 13,1976.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




