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Parameter estimation or hypothesis testing
in the statistical analysis of biological rhythms?

ERNST POPPEL
Mazx-Planck-Institut fiir Psychiatrie, 8 Munich 40, F. R. Germany

The “microscopic” techniques in biological rhythm research which are used to estimate period, phase,
and amplitude of physiological and psychological functions on the basis of sinusoidal approximations are
criticized. It is suggested that one confine oneself to hypothesis testing and evaluation of the data with the

“naked eye.”

In the description of biological rhythms, two
different statistical procedures may be considered. In
one procedure, the statistical dependence of the time
series data is tested. Such a procedure can be called
hypothesis testing because the statistical analysis leads
to the decision as to whether the time series consists
of independent random variables (null hypothesis) or
whether there is some deviation from such a model
(alternative hypothesis). If these data are not indepen-
dent, one possible cause of the dependence is a
biological rhythm. The statistical analysis stops with
hypothesis testing, and period, amplitude, phase, and
wave form of the biological thythm may be defined by
using other knowledge that is not based on special
statistical techniques.

The other procedure for analysis of time series data
has been called microscopic (Halberg, 1969). The aim
of this procedure is to estimate the parameters of a
biological rhythm statistically. This is done by formulat-
ing a theoretical model which adequately represents
the raw data. In the microscopic analysis of circadian
thythms, this parameter estimation has been done by
using a sinusoidal function for the approximation of the
raw data. “The acrophase estimates are determined ob-
jectively from all available data, rather than by subjec-
tively inspecting the temporal location of crests in zig-
zags representing time plots of original data—the chron-
ograms. Of course, the so-called ‘microscopic’ evaluation
of the circadian component does not contradict. the
‘macroscopic’ impression [italics by Péppel] from the
chronogram; rather it serves for objective quantification
(Halberg et al., 1969).”

This last statement is misleading as can be seen by
comparing raw data that show a clear rhythm on macro-
scopic inspection and the computed estimates. In
Figure 1, four examples are given that demonstrate this
fact. The curve at the top shows the raw data of intra-
peritoneal temperature of an adult female rat as a
function of time of day (Halberg, 1969); the next curve
shows the raw data of human body temperature
(Halberg, Tong, & Johnson, 1967). The two following
curves represent electromyographic activity and presence
of the Sleep Stages 3 and 4 in rhesus monkeys (Crowley,
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Figure 1. Four examples of the 24-h variability of physio-
logical functions (top to bottom: body temperature in rats
and men; EMG activity and presence of Sleep Stages 3 and 4
in rhesus monkeys). Arrows indicate the location of the esti-
mated maxima using a cosine approximation.

Kripke, Halberg, Pegram, & Schildkraut, 1972). The
arrow indicates in each case at what point in time the
maximum (acrophase) is estimated using a cosine
approximation of the data. It is quite obvious that by
using this cosine approximation the paramter estimation
of the maximum deviates in all cases considerably from
the maximum of the raw data.

The deviation from a sinusoidal oscillation of the
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functions shown in Figure 1 are not isolated cases; in
fact, these deviations are often even greater. In many
published illustrations, it is evident to what extent the
24-h variation of various functions deviates more or less
from a sinusoidal oscillation. A few additional examples
besides those shown in Figure 1 are: locomotor activity
of mammals and birds (Aschoff, 1964); electrolyte
concentration and volume of urine (Halberg & Reinberg,
1967; Poppel, 1968); orthostatic cardiovascular response
(Aschoff & Aschoff, 1969); eosinophil level (Halberg
& Reinberg, 1967); psychomotor performance like
reaction time or time estimation (Aschoff, Giedke,
Poppel, & Wever, 1972; Poppel, Aschoff, & Giedke,
1970; Poppel & Giedke, 1970). This fact, the deviation
of the circadian functions from sinusoidal oscillations,
has also been predicted from theoretical considerations
(Wever, 1966).

Therefore, the conclusion must be drawn that as a
cosine approximation to raw data can lead to biased
parameter estimations, the microscopic procedure has
to be limited in its applications. It should apply only to
those cases where the theoretical model and the empiri-
cal curve correspond exactly except for deviations due
to random noise; i.e., that the raw data actually are dis-
tributed sinusoidally. One can see that in unfavorable
cases as in sawtooth-like oscillations (cf. Figure 1), the
comparison of the maxima can differ by several hours
compared to the actual position of the maxima.

If a cosine approximation is not a reasonable choice,
the question remains: which approximation is to be
used? The raw data give the impression that it is
impossible to find a unique theoretical model for the
statistical approximation of all the different variables.
Sometimes it is even impossible to formulate such a
model for one variable because it has been shown that
a function may change its pattern systematically with a
change in the experimental conditions (Aschoff,
Gerecke, & Wever, 1967); in fact, the whole model may
be changed, not just the parameters, in such cases.

One must conclude that appropriate statistical models
for the approximation of each oscillating function can
only be found if in each case the underlying physio-
logical mechanism of the periodic process is understood.
The knowledge of the fundamental characteristics of
the observed oscillation is a prerequisite for defining
its appropriate statistical model and then for estimat-
ing the parameters on a statistical basis.

It follows that by using one particular statistical
model for describing the data, one is unlikely to get
reasonable insight into the basic mechanisms of
biological rhythms because the microscopic approach
necessarily leads to a biased estimation of the
parameters; thus, the important features of the
oscillating system may remain hidden, or may even be
misrepresented.

As the knowledge of the properties of biological
rhythms is still limited and the adequate theoretical
models for the statistical analysis cannot yet be formu-
lated, one should not ignore the problems of parameter

estimation by using one of the simplest approximations,
the sinusoidal fit. One should rather confine oneself
to hypothesis testing (e g., Miescke, 1972; Psppel, 1970)
and to other knowledge of the system that is not derived
from statistical parameter estimation. It seems
reasonable to keep as much as possible to the raw data
and not to work on these data with inappropriate
methods. Much information about biological rhythms
has already been obtained on the macroscopic level
simply through observation of the raw data with the
naked eye (e.g., Pittendrigh, 1974).

REFERENCES

AscroFF, J. Die Tagesperiodik licht- und dunkelaktiver Tiere.
Revue der Suisse Zoologie, 1964, T1, 528-558.

AscHOFF, J., & AscHOFF, J. Tagesperiodik der orthostatischen
Kreislaufreaktion. Pfligers Archiv gesamte Physiologie,
1969, 306, 146-152.

AscHor¥, J., GEReCkE, U., & WEVER, R. Phasenbeziehungen
zwischen den c1rcad1anen Perioden der Aktivitat und der
Kerntemperatur beim Menschen. Pfligers Archiv gesamte
Physiologie, 1967, 295, 173-183.

AscHoFF, J., Giepkg, H., PorpeL, E., & WEVER, R.
The influence of sleep-interruption and of sleep-deprivation on
circadian rhythms in human performance. Aspects of human
efficiency. W. P. Colquhoun (Ed.), Diurnal rhythm and loss
of sleep. London: The English Universities Press, 1972, 135-149.

CrowLey, T. J., KriPkE, D. F., HaLBERG, F., PEGRAM, G. V.,
& ScmipkrauT, J. 1. Circadian rhythms of Macaca
mulatta: Sleep, EEG, body and eye movement, and
temperature. Primates, 1972, 13, 149-168.

HaLBERG, F. Chronobiology. Annual Review of Physiology, 1969,
31, 675-725.

HALBERG, F., & REINBERG, A. Rythmes circadiens et rythmes
de basses fréquences en physiolgie humaine. Journal de
Physiologie, 1967, §9, 117-200.

HALBERG, F., ToNg, Y. L., & Jonnson, E. A. Circadian system
phase—An aspect of temporal morphology; procedures and
illustrative examples. H. v. Mayersbach (Ed.), The cellular
aspects of biorhythms. Berlin: Springer-Verlag, 1967. Pp. 20-48.

HALBERG, F., REINHARDT, J., BARTTER, F. C., DELEA, C.,
GorpoN, R., REINBERG, A., GHATA, J., HALHUBER, M.,
HorMaNN, H., GunTHER, R., KnaPP, E., PENA, J. C,,
& GARcCIA SaiNz, M. Agreement in endpoints from
circadian rhythmometry on healthy human beings living on
different continents. Experientia, 1969, 25, 107-112.

Miesckg, K.-J. Rangmethoden zur Auffindung von Period-
izitaten in Zeitreihen. Ph.D. dissertation, Heidelberg, 1972.

PirrenpricH, C. S. Circadian oscillations in cells and the
circadian organization of multicellular systems. F. O. Schmitt
& F. G. Worden (Eds.), The neurosciences—Third Study
Program. Cambridge: MIT-Press, 1974, 437-458.

PoppEL, E. Desynchronisationen circadianer Rhythmen innerhalb
einer isolierten Gruppe. Pfliigers Archiv gesamte Physiologie,
1968, 299, 364-370.

Porper, E. Frequency measurement in time series data.
Life Sciences and Space Research, 1970, 8, 234.

PsppEL, E., AscHoFF, J. C., & Giepke, H. Tagesperiodische
verinderungen der Reaktionszeit bei Wahlreaktionen. Zeitschrift
fiir experimentelle und angewandte Psychologie, 1970, 17,
537-552.

PorpeL, E.,& Giepke, H. Diurnal variation of time perception.
Psychologische Forschung, 1970, 34, 182-198.

WEevER, R. Ein mathematisches Modell fur die circadiane
Periodik. Zeitschrift fur angewandte Mathematik und
Mechanik, 1966, 46, 148-157.

(Received for publication August 18, 1975S.)




<<
  /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




