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The Snow White randomizer: Simple,
economical, and the fairest one of all

HERBERT FRIEDMAN
College of William and Mary, Williamsburg, Virginia 23185

A convenient and practical method is presented for the generation of unbiased random
sequences. The method is based on combining discrete outputs and does not require either
precisely specified and unbiased input or complex procedures and equipment.

nb = 2N -1 (ph 1 - .5) X(phj - .5) . .. (phjq - .5). (3)

while the error or net bias (nb) could be calculated
directly,

binary coin model. For a set of N equally biased
elements, the proportion of State A is given by :

where pA = .5 + nb.
For the situation in which the individual coins

are not equally biased,

(2)

(1)
1+ (2 ph - I)N

pA= ,
2

nb = 2N- 1 (ph - .5)N,

Therefore, in a set of N coins, if anyone (unspecified)
coin is perfectly fair (ph = .50), then, by Formula 3,
nb = 0 and pA = .50, regardless of the degree of
bias of the other coins. State A may be viewed as
representing every other term in the binomial expansion
for (H + T)N, that is, those containing an odd number
of heads, so that a change in state for any individual
element will change State A to State B. It follows that if
all the coins but one are glued down (in any given
pattern) while the last coin is fair and free to vary,
the result would necessarily be pA = .50. Therefore,
knowledge or control over all but one of the elements
in a set would be ineffective in predicting or affecting
the series generated if that last element were fair. This
last point should be useful in the assignment of blind
and double blind research conditions when the subject
might be aware of some of the experimental procedures.

If none of the coins is perfectly fair but two or more
are free to vary, then pA will always be fairer than the
fairest element. Formula 3 shows that the net bias
decreases rapidly as the number of elements increases,
even if all elements are highly (but not totally) biased.
For example, with 10 elements each with ph = .80,
the final pA would be .5030 and hardly detectable as

The problem of producing unbiased random
sequences is a major one in parapsychological research
and a minor if persistent one in other areas. Machine
or computer-generated random numbers tend to suffer
from a variety of problems, particularly sequential
dependencies or biased outputs arising from nonrandom
states within the device. Prepared lists of "random"
numbers (Rand Corporation, 1955) are necessarily
subject to the introduction of bias by the selection of
an entry point within the list. In many situations
involving a limited number of trials or requiring experi
mental conditions to be presented a pretermined number
of times, a restricted random series (Friedman , 1966)
has many advantages relative to a purely random series.

In certain research applications, the safest procedure
is to generate a random number (specifying a treatment
or the correct choice) at the time of the test trial. A
variety of devices have been used to this end, ranging
from a simple hand-tossed number cylinder (Hamaker,
1949) to triggers controlled by radioactive decay
(Schmidt, 1970). An alternative, more convenient, and
effective approach is outlined here .

Simple calculation indicates that a small number
of biased elements combined under appropriate
rules can approximate an unbiased output. For example,
two coins that are each likely to land heads 60% of the
time (ph = .60) will produce one head and one tail (ht
or th) in the proportion of 2(.6 X .4), or 48% of the
time . Defining State A as one head out of two tosses and
State B as zero or two heads leads to the proportion
A/A + B (i.e. , pa) always being closer to 50% than the
original ph value of each coin (if ph or pt =1= 0). If
State A in a binary situation is defined as an odd number
of Outcome h in the set of N elements, the probability
of State A rapidly approaches 50% as the set size
increases, even if all the elements are highly biased.
Schmidt (1970), in a discussion of a random-number
generator, suggested that output bias can be greatly
reduced by adding several consecutively generated
numbers to produce a "secondary number" (using
Modulo 10). The basic formula given by Schmidt is
identical to that derived from adding elements in the
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not being perfectly fair (an outcome readily confirmed
by empirical testing). Randomness is difficult to measure
(cf. Chaitin, 1975), but a good working definition of
bias for a randomized series employed in research is the
number of test trials required to produce a significant
outcome, with a critical ratio (CR) of 2, on the basis
of that bias alone (Schmidt, 1970) :

For the above example of 10 coins with ph = .80,
N(CR2) > 100,000, which is well beyond the number of
trials generally used in behavioral studies.

Taking five elements as a practical set size, the
probability of State A (pA) for several values of ph ,
assuming all five elements in the set are equally biased ,
is shown in Table 1 with the associated values of nb and
N(CR2). The outcome is virtually fair over a wide range
of bias for the individual elements and, for ph in the
range 1/3 to 2/3, five elements (coins) clearly would
suffice for acceptable values of pA and N(CR2) . In
practice, most coins or other available elements (e.g.,
odd/even outcomes for generated numbers, last digit
of telephone book entries, dice, etc.) can be assumed
to have ph values suitably close to .50. By expressing
the digits 0-9 in binary terms, a group of four unbiased
outcomes (A or B) produced as described above will
allow the generation of all digits.

When computers or machines are used to produce
random sequences, adding several successive digits
(Schmidt, 1970) so sharply reduces bias that any of a
variety of "random-number generators" would provide
acceptable input. If the specification of the items in a
series is carried out at irregular or random times , a digital
watch is well suited as a substitute for coins or dice.
The right-hand digit itself is fair (being in each position
10% of the time), and satisfactory protection against
inadvertent prior knowledge of the outcome could be

Table 1
Values of pA, nb, and N(CRl) for Five Identical

Elements at Several Levels of Bias

N(CR2) = 1/(nb)2.
Random sequences may very conveniently be

produced by repeatedly shaking a cup containing five
coins specifying that one, three, or five heads represent .
State A and an even number State B. Advantages of this
procedure are: (1) simplicity with no computer or
other complex apparatus or process requi red; (2) no
cues are present prior to the outcome; (3) the state or
target for a trial can easily be generated at the time
of the response, excellent for gaming strategies and
precognition studies ; (4) the outcome is unaffected by
experimenter expectations or bias; (5) an effectively
fair outcome is assured; (6) the total equipment cost can
be very reasonable ($ s:: .05).
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(4)

N(CR2)

4 X 10' 0

>39,000,000
>236,000
>38,000
662
37

nb

.000000

.000005

.00016

.00206

.005 12

.03888

.16384

pA

.500000

.500005

.50016

.50206

.50512

.53888

.66384

ph

.50

.55

.60
2/3
.70
.80
.90



<<
  /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




