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Note on information measurement

TARALD O. KvALSETH
University of Minnesota, Minneapolis, Minnesota

The information measures by Hartley (1928) and Shannon (1948) have been extensively used
in human performance studies. An alternative and most general information measure is briefly
introduced in this paper, as a potentially useful measure in behavioral research. This new gener­
alized measure contains a number of arbitrary parameters, making it a parameterized family
of measures whose members include Hartley's and Shannon's measures and various others. Some
of the well-known measures are shown to be special cases of the generalized measure, called the
(a, B, 0) information measure. Some of its properties are also pointed out.

Correspondence may be addressed to Tarald O. Kvalseth, Depart­
mentof Mechanical Engineering, University of Minnesota, Minneapolis,
MN 55455.

For measuring human performance in a variety of task
situations, and for analyzing the capabilities and limita­
tions of various basic human processes, certain measures
from information theory have been extensively used (see,
e. g., Sheridan & Ferrell, 1974; Wickens, 1984). In par­
ticular, the entropy (information) measures of Hartley
(1928) and Shannon (1948) have been widely used. For
a set of n random events, these measures are, respectively,
defined by

I(P) = - Epi logp., (2)

where P = (P.. . . . , pn) is the probability distribution of
n events; the logarithm is to the base 2 as is customary
in information theory (and hence the unit of measurement
is bits); and E stands for the summation from i = 1 to
i = n as used throughout this paper. Of course , if all
n events have equal probabilities, that is, if PI = .. . =
P« = lin , then Equations 1 and 2 are equivalent.

In behavioral research, the random events are frequently
considered to be occurrences of certain stimuli , with Pi
being the probability that the ith stimulus will occur dur­
ing any replication of the experiment. The words •'un­
certainty," "surprise," and "information" are often used
interchangeably, with the entropy I(P) in Equation 2 con­
sidered as a measure of their amount or extent. Thus, I(P)
is used as a measure of the average amount of (a) uncer­
tainty about the set of events before anyone of the events
occurs, (b) surprise as one of the events occurs, and (c) in­
formation gained after an event has occurred.

The use of such measurements in the behavioral
sciences appears to be confined to the measures in Equa­
tions 1 and 2. There are , however, other information
measures that may be equally appropriate for such appli­
cations. The purpose of this communication is to identify
some of the best-known alternative measures, and in par-

GENERALIZED INFORMAnON MEASURE

x = (21-6- 1)-1 (3b)

and where a , 0, and B = ({j.. . . . , (jn) are arbitrary
parameters subject only to the restrictions that a and 0
are different from I, 0 is nonnegative, and the {ji and
a-I +{ji are positive for all i . This measure also applies
to the so-called generalized distribution P, that is, when
the sum of the probabilities PI, ... , p, is less than or equal
to unity, although in human performance experiments this
sum is typically equal to 1.

with

A number of alternative measures have been proposed
as parameterized generalizations of Shannon 's entropy.
These have generally been developed axiomatically. That
is, starting with a set of axioms or propositions that seem
to be reasonable and desirable properties of a measure
of information, it is then proved mathematically that there
is one and only one function that satisfies those given ax­
ioms. Thus, each set of axioms yields its unique measure .
For reviews of such developments , the interested reader
may refer to Aczel and Dar6czy (1975), Kapur (1983),
and Mathai and Rathie (1974) (see also Klir & Folger,
1988, especially concerning Equations 1 and 2).

By means of such axiomatic characterization, a new
measure of information has recently been formulated by
this author, which appears to be the most general mea­
sure developed to date. While the detailed mathematical
developments and proofs of properties are better suited
for a different journal publication, this communication will
simply present the expression for the measure, a few of
its important properties, and some of its special cases.
The measure may be defined as follows:

ticular, to define a new generalized information measure
that includes most other proposed measures as special
cases.

(1)I(n) = logn

and
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It is customary in information theory to use a normal­
ization such that an information measure has the value
of 1 for the case of two events with equal probabilities
(PI = Pl = 112). The expression for Ain Equation 3b
comes from this normalization condition. However, such
normalization is not strictly necessary, and Ain Equa­
tion 3a may betreated as an arbitrary parameter for which
we may select any real value as long as A ~ 1 for
o ~ 0 < 1 and A < 0 for 0 > 1. In this case, we should
use 1~~(P) to denote the measure in Equation 3a.

The new measure may be called the (a, B, 0) infonna­
tion measure , or (a, B, 0) entropy measure , and the (a,
B, 0, A) information measure if Ais treated as a separate
arbitrary parameter (i.e., if normalization is not consid­
ered) . According to this measure, information cannot be
negative . It is equal to zero when one of the Pi values
equals 1 (and the other probabilities are all 0). It achieves
its maximum value when all probabilities are equal
(PI = . . . = P« = lin). These are also the conditions un­
der which Shannon's measure in Equation 2 achieves its
limiting values. While the maximum value of Shannon's
entropy is log n, the maximum value of the new measure
is A(nl - L 1) or (21-6-l)-I(n l - 6-1) for the A in Equa­
tion 3b. Other properties of the generalized measure in­
clude continuity and expansibility . That is, the measure
is a continuous function of the probabilities p i' i = 1,
.. . , n; and if a component with zero probability is added
to the distribution P, the value of the information mea­
sure remains unchanged. Also, when the ~i parameters
are all equal (~I = .. . = ~n = ~, where ~ > 0), the
measure is symmetric in the pi, that is, the measure is
invariant with respect to any permutations of Po, . .. , p.;

Let us now consider some of the special cases of the
(a, B, 0) information measure . Ifwe choose 0 = a =1= 1
and ~I = ... = ~n = 1, then Equations 3a and 3b reduce
to, for Ep, = 1, the expression

1~°(P) = (21
-

0
- l)-I(Epi - 1), (4)

which is the Havrda-Charvat-Dar6czy information mea­
sure (Dar6czy , 1970; Havrda & Charvat, 1967). For ~I

= .. . = ~n = ~,a =1= 1, and when we consider the limit
of l,/(P) in Equations 3a and 3b as 0 approaches 1, and
using the Bemoulli-l 'Hospital theorem, we find that

lim 1;6(P) = 1;I(P) = (1-at l log (Epil+/I/Epf) , (5)
0-1

which is the information measure proposed by Kapur
(1967). With ~=1 in Equation 5 and Epi=l, we get

/,:I(P) = (1-at1log Epi , (6)

which is the well-known measure by Renyi (1961). The
fact that Shannon's measure in Equation 2 is also a spe­
cial case of 1;'(P) is seen from Equation 6 when one takes
the limit as a goes to 1. Thus, for ~I = .. . = ~n = 1
and Epi= 1 in Equation 3a, we have that

lim lim 1~6(p) = IP(P) = - EpJog Pi' (7)
a-I 0-1

Finally, Hartley's measure in Equation 1 is a limiting case
of la6(P ), since

lim lim 1~6(P) = J?I(P) = log n. (8)
a-O+o-I

It should also be mentioned that , whenever one or more
of the Pi are zero , we shall use the usual conventions
olog 0 = 0,0" = 0 for a > 0 and 0" = 1 for a = O.

CONCLUDING COMMENTS

While measurements of information in the behavioral
sciences have almost exclusively been based on Hartley's
and Shannon's classical entropies, other measures may
be equally appropriate in many cases . This paper has de­
fined a most general information measure that includes
many of the proposed measures, with Hartley's and Shan­
non's as particular cases among them. The generalized
measure la6(P) in Equations 3a and 3b, or Ia~(P) given
by Equation 3a with Aas a separate arbitrary parameter
when normalization is not imposed, has the advantage of
offering the considerable flexibility provided by the var­
ious parameters. Such flexibility may prove useful in some
behavioral research applications . A very simple special
case of 1'B6(P) would, for example, be (when Epi= 1)

n1(p ) = 2(1- Epf),

or the nonnonnalized measure

n~(p) = l-Epf .

Some such applications of the new information measure
are currently being explored by this investigator in studies
of human information processing during tasks involving
choice reaction time, process monitoring, and subjective
versus objective uncertainty.

REFERENCES

ACZEL, J., & DAROcZY, Z. (1975). On measures of information and
their characterizations . New York: Academic Press.

DAROcZY, Z. (1970). Generalized information functions. Information
and control, 16, 36-51.

HARTLEY, R. V. L. (1928). Transmissionof information. Bell System
Technical Journal, 7, 535-563.

HAVRDA, J., & CHARVAT, F. (1967). Quantification methodof classifi­
cation processes: The concept of structural a-entropy. Kybemetika,
3,30-35.

KApUR, J. N. (1967). Generalized entropies of order a and type {J.
The Mathematics Seminar, 4, 78-94.

KApUR, J. N. (1983). A comparativeassessment of various measures
of entropy. Journal of Information & Optimization Sciences , 4,
207-232.

KUR, G. J., & FOLGER, T. A. (1988). Fuzzysets. uncertainty , and in­
formation. Englewood Cliffs, NJ: Prentice-Hall.

MATHAI, A. M., & RATHIE, P. N. (1974). Basic concepts ofinforma­
tion theory and statistics . New Delhi, India: Wiley Eastern.



RENYI . A. (1961). On measures of entropy and infonnation . In Proceed­
ings of the Fourth Berkeley Symposium on Malhematical Statistics and
Probabili ty (Vol. I. pp. 541-561). Berkeley: University of Califor­
nia Press.

SHANNON. C. E. (1948). The mathematical theory of communication .
Bell System technical journal. 27. 379-423. 623-656.

SH ERIDAN . T. B., &: FERRELL. W. R. (1974). Man-mach ine systems :

INFORMAnON MEASUREMENT 183

Information , control. and decision models of human performance .
Cambridge, MA: MIT Press.

WICKENS, C. D. (1984). Engineering psychology and human perfor­
mance . Columbus. OH: Charles E. Merrill .

(Manuscript received August 29. 1988.)



<<
  /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




