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ABSTRACT

This Guide contains general recommendations on the reporting of numerical
data for the guidance of authors, editors and referees. It is not a style manual.
The recommendations are intended to facilitate the use, evaluation and com-
parison of data. They cover description of experiments, the treatment of data
derived from them and presentation of the final, numerical results. The emphasis
is on data that may be verified by repetition, e.g., data on physical and chemical
properties and processes,

*Report of CODATA Task Group composed of: David Garvin, Tangis Golashvili (until March 1973),
Henry V. Kehiaian, Nicholas Kurti and Edgar F. Westrum, Jr. (Chairman).




1. INTRODUCTION

his report s concerned with the presentation of numerical data that are capable of verification by repetition such as
these on the physical and chemical properties and behaviour of material systems. The “properties™ or “behaviour™ may
Le mneroscopic tnuglear, atomic. or molecular) or macroscopic (e, density, erystal structure, transport properfies. o1
suerey transter) or quantities associated with chemical transformations (equilibria. enthalpies of reaction, or rate
somstants), The “material systems™ must be sufficiently well-defined to permit the measurements to be reproduced.
Csnally this means that the systems themselves must be of known purity and have g well-delined composition and state.

Recommendations are made concerning the information that should be reported so that the data may be compared
i correlated with those obtained from other studies. These are general recommendations that apply to all branches of
the physical sciences. Some existing specialized guides that expand upon these recommendations are listed in the biblio-
asraphy s others are under preparation.

This is not a style manual for writing scientific papers. It is o statement of the minimum information that is needed to
cnsure that the reader can understand the quantirative data, can assess their precision and accuracy . and car recalculate
the sesults when values for auxiliary data change.

Phe author of a paper has the primary responsibility for providing the reader with the type of information outlined
in this Guide,

The Guide also provides journal editors and referces with a set of consistent, considered criteria for judging the com-
pleteness and acceptability of papers in so far as the reporting of numerical quantities are concerned. The recommend-
ations reflect the experience of data evaluators: hence, adherence to them will permit evaluators to consolidate the
author’s results with existing data and facilitate their incorporation in critical compilations.

The word “*data™ has been used fooscly above. Terms used in the later sections of the Guide are defined here. Mew-
surements are made on material systems using suitable instruments and procedures. The instrument readings are the
initial numerical data. The results, usually stated in terms of physical and chemical propertics, may be the initial data.
More frequently, however, they are derived from these data by a process called reduction of the data. Associated with
the results arc two numbers: the imprecision which recerds the reproducibility and the inaccuracy which estimates the
overall reliability of the measurements.

Recommendations relating to these matters are considered below under three headings: description of experimental
procedures, reduction uf data, and presentation of results.

1. THE DESCRIPTION OF EXPERIMENTAL PROCEDURES

Provide an adequate description of the experimental procedures used to obtain the numerical data. The quality of the
information about fiow measurements were made often determines the acceptability of the results. When it becomes
necessary for a reader to compare the results of several studies, or to reinterpret data, he may need to know whether the
author paid attention to details that have since been realized to be important or whether his technique could have revealed
mure recently reported phenomena, If these questiors cannot be answered, later workers and evaluators may assign very
little weight to the results.

The major points to be considered are:

iy Definition of the system studied. This must be defined as preciscly as necessary to_ensure the reproducibility of the
investigated properties within the limits of experimental error. All relevant details about the physical state and the
constraints on the system must be given, as well as information about the origin, treatment, history and chemical
composition of the samples.

2) Description or identification of (a) physical or chemical methods used in the measurements for analysis of composi-
tion or purity and (b) reference substances or methods used to test the reliability of the results obtained. The results
of the tests should be given.

3) Brief qualitative description of the type of measurements made and apparatus used.

4) Description of apparatus. Novel apparatus should be described in detail and the results of its testing given. In other
cases the details may be given by reference to another publication. Where relevant, the author should indicate dimen-
sions, constructional material, electrical and other components, major modifications in equipment, etc. For com-
mercial apparatus and components the manufacturer and model number should be specified.

5) Description of experimental procedures. The quantitics actually measured should be stated clearly since these may
differ considerably from the derived results. If the procedures are novel, how they were tested must be explained.
Standard procedures may be identified by reference to another publication. The laboratory environment (tempera-
ture, pressure, humidity, geographival location, etc.), should be stated if relevant.

6) Performance of measurement system. The sensitivity or resolution achieved in the measurements should be stated
and proved. Methods of calibration and reference substances used, thercfore, should be identified. International or
national standards of scales that were used-in the calibration should be cited.

III. THE REDUCTION OF EXPER[MENTAL DATA

Explain the conversion of the measurements to the reported results. This reduction of data often is a long and complex
process difficult for a reader to réconstruct, Inclusion of an example may be desirable. The procedures used for reduction
of the data if adequately described in one publication may be given by refcrcnce in later pubhcatxons.

Important components of this process are:
1) Assumptions made about the experiments. Usually some parameters are assumed to be unimportant, others are



assumed constant, and corrections are made for the variations in still others. These assumptions and procedures
should be stated; if they are based upon auxiliary experiments, those should be described.

2) Complete description of physical models (including relevant mathematical expressions) used to convert the duta
to results. Approximations should be explained. References to important computer programmes employed should
be given,

3) Experimental results and physical constants taken from other sources, These should be identified clearly as should
their sources and their values stated.

4) Identification of standards used to relate the measurements to the fundamental units of measure. Examples are: a
particular international temperature scale, a dated list of atomic weights, a national standard volt, etc.

IV. PRESENTATION OF NUMERICAL RESULTS

As a genersl principle, report results in a form as free from interpretation as possible (i.e. as closely as is practical to
experimentally observed quantities). These results should be reported in such a manner that the degree of experimental
randomness can be assessed. The reader should be able to recover cnough of the experimental data so that he can
reanalyse them in terms of different hypotheses.

A. Citable Results. List important numerical results in explicitly titled tables. These arc the results that the author
expects other workers to cite or use. Separate them from the discussion of the work. Results from other sources that
are included in tables containing the new material should be clearly identified and referenced. Graphical and analytical
represcntations of important results, although convenient for the reader, are not acceptable substitutes for tabular pre-
sentation of accurate experimenial results. The author will, no doubt, interpret the primary results and present derived
quantities. However, such secondary results should never be published at the cost of omitting the primary results upon
which they arc based.

B. Compressed Presentation of Unsmoothed Data. An acceptable alternative to a complete table (when therc are many
measurements) is an easily used analytical expression supplemented by a deviation plot showing the individual points.
This procedure may save space and promote clarity, but must be sufficiently sensitive to permit full recovery of individual
results,

C. Presentation of Smoothed Data. In addition to showing his work in the manner described above, an author may
include tables of smoothed numerical results intended for use by the reader, for example, electrical resistivity at selected
temperatures, In such cases, arrange the tables with values of the argument so spaced that no serious loss of accuracy will
result during interpolation (6) and give a sufficient number of digits to make such interpolation feasible. Alternatively,
such smoothed data may be provided by empirical equations which not only provide ready analyt..al interpolation,
differentiation or integration, but can also save journal space. It is important that the deviation of the experimental values
from the equation be within the imprecision of the experimental data.

D. The “Imprecision” and “Inaccuracy” of the Results. Evaluate both in clearly defined terms.

The various sources of uncertainty should be described rigorously, with clear scparation between measurement impre-
cisions, numerical analysis limitations (or deviations from a modecl), and possible systematic biases.

Imprecision. The statistical or random uncertainty should be estimated using an appropriate standard statistical tech-
nique. It is only one component of the total error analvsis and is not a sufficient statement of the reliability of the
experiments.

Inaccuracy. Estimation of the other potential sources of error or limitations of the work is more difficult than is that
for imprecision. There are no clear rules; subjective judgment is involved. However, these estimates of inaccuracies arc
more important than is that for imprecision because uncxplained differences between two sets of measurements usually
are larger than are the random errors.

Important components in the evaluation of inaccuracy (i.e., of possible systematic errors) for which estimates should
be made are:

1) Sensitivity of measurement or resolution possible in the experiments. This provides a lower bound for the inaccuracy.

2) Effects of assumptions made in processing the data. In particular, include uncertainties or defects in the physical
model used.

3) Possible sources and magnitudes of errors due to limitations of the measurement system. These should be discussed
both for those for which corrections were made and those for which this could not be done. Those inherent in the
calibration procedures or standards used should be included.

4) Uncertainties in auxiliary data taken from other sources.

These estimates for the components of the measurements should be combined to give the total estimated inaccuracy.
Statistical procedures used in the reduction and estimation of the imprecision and inaccuracy of the data should be cited.
The inaccuracy estimate may be unportant in some applxcatnons of the results and not in others. A discussion of this point
should be included. :

E. Symbols, Units and Nomenclature. Use symbols. umts and nomenclature recommended by the International
Standards Organization and by the various mtematnoml unions. :

In particular:

1) Use SI units and their accepted symbols Q 2) as far as poss:ble.

2) Identify symbols used for all physical quantities and, where available, use those recognized internationally (3-6).

3) Use internationally accepted names for chemical compounds. Commercial and common (trivial) names and
abbreviations should be defined. .

4) Make figures and tables Iogrwlly complete units, mdependent of the main text. The caption should explain the
table or figure, Particular care should be taken in labelling columns and rows of tables. The label must permit
unambiguous recovery of the value for the physxcal quantity. Any label is acceptable as long as the meaning is

clear.
4



Authors are reminded of the preferred convention: physical quantity == number x power of ten x unils

e.g. N =5.806x 107 m.
It is the muember that is tabulated,
The preferred label, obtained by rearrangement of the equation above, is:
physical quantity divided by units.
That is, in the equation X /m = 5.896 x 10'7. the left hand side is the lubel and the right hand side is the number
to he tabulated.

Other examples are: pressure as “*P/MPa™, temperature as “T/IO5 K’ and a first order rate constant as “log (k/s'l )

An alternative form, e.g. entropy as *‘S in IK mot ! is aceeptable,
The use of non-SI units and, even more, the use of non-metric units for reporting scientific data is discouraged. Occa-
sionally there may be overriding reasons for using such units, In these cases the author should give factors for conversion
to Stunits. This may be done in a footnote : “Throughout this paper | torr = (101.325/760) kPa, 1 calyy, ~4.184 J, and

1R -0 nm.”

V. DISCUSSION

We have attempted to sct forth the important aspects of numerical data presentation so as to save the data and to promote
the usefulness of the quantitative results of scientific research.

There is an apparent conflict between these recommendations and the usual exhortations to authors for brevity as well
as clarity in their papers. The needs of the gencral reader often can be met by a brief article not containing the detailed
information we prescribe, but those of the specialist and of the evaluator cannot. Although these rccommendations call
for more (but not much more) detail than is commonly provided, they do not exceed what appears in the better papers
today. The necded statements may be terse and factual.

The ideal situation is to have all of the relevant information in the published article. However, if this is not practical
then the supplementary material should be put in an auxiliary publication (submitted together with the shorter manu-
script) and either placed in a suitable depository service or published as microform together with the article. In any
event, the details must be available to the public from some source other than the author. The means of obtaining such
auxiliary information must be clearly stated in the publication.

In order to provide the author with more guidance these general recommendations have been supplemented by a
bibliography. It includes a non-exhaustive list of useful reports on gencral topics (e.g., symbols, units, nomenclature,
physical constants, temperature scales, precision and accuracy) that should be consulted (1-13).

For application to particular fields there is a need for interpretation and implementation of our recommendations.
Some specialized guides already exist. They are noted in the bibliography (14-33). Specialists in the fields for which
guides exist believe that these have improved the quality of data reporting.

This Task Group is endeavouring to promote the preparation by appropriate international scientific bodies of discipline-
wide guides for important areas as well as more specialized guides for sub-disciplines. We will welcome suggestions con-
cerning what should be done and by whom. ’

VI. BIBLIOGRAPHY
SYMBOLS, UNITS, AND NOMENCLATURE

1. “ISO Recommendation R 1000, Feb. 1969. Rules for the use of Units of the International Systems of Units and a
Selection of the Decimal Multiples and Sub-Multiples of the SI Units”. 1st Edition. American National Standards
Institute, New York, 1969.

2. Le Systéme International d’Unités (SI). International Bureau of Weights and Measures, Sévres, France 1970. Author-
ized English translation are available: (a) Her Majesty’s Stationery Office, London, 1970, and (b) C. H. Page and
P. Vigoreux, eds. National Burcau of Standards, Special Publication 330, U.S. Government Printing Office, Washington,
D.C., 1970.

3, “Symbols, Units, and Nomenclature in Physics’. International Union of Pure and Applied Physics, Commission for
Symbols, Units and Nomenclature, Document U.LP. 11 (S.U.N. 65-3), (1965).

4. “Manual of Symbols and Terminology for Physicochemical Quantities and Units’. M.L. McGlashan, ed. Pure Appl.
Chem, 21, 3, (1970).

5. “Informatlon Bulletin’. Intematlonal Umon of Pure and Applied Chemistry, Cowley Centre, Oxford, England
(Nomenclature, etc.).

6. *‘Quantities, Units and Symbols”. The Symbols Committee of the Royal Society. The Royal Society, 6, Carlton
House Terrace, London SW1Y 5AG (1971). :

PHYSICAL CONSTANTS AND TEMFE'RATURE SCALES

7. Report of CODATA Task Group on Fundamental Constants. 1972. CODATA Builetin No. 1972 [In

preparation).
8. “International Practical Temperature Smle of 19687 Metrologw 5, 35 (1969). International Bureau of Weights

and Measures (BIPM) Subcommittee on Thermometry.



V. “Relationships between the International Practical Temperature Scale of 1968 and the NBS-S5, NPL-o1,
PRMI-54, and PSU-54 Temperature Scales in the Range from 13.81 10 90,18 K" R Bedlord, M. Duricux.
R. Muijlivijk, and C, R, Barber, Metralogia S, 47 (1909 ),

10, “Conversion of Existing Calorimetrically Determined Thermodynamic Properties to the Basis of the Tnternational
Practical Temperature Scale of 19687 1. B. Douglas, /. Rescarch National Burcaw of Standards (108, ), T3A 451
{196Y),

Pt “Ambiguities in the Use of Unit Names™ C. H. Page, Science 179,873 (19723,

12, “Atomic Weights of the Elements 19717 Pure Appl. Chem. 30 (3-4), 637 (19723,

PRECISION AND ACCURACY

13 Statistical Concepts and Procedures!” Vol. | of “Precision Measurement and Calibration™ 11, 1. Ku, «d.. Nanonal
Burean of Standards (U.8.), Special Publication 300, 1969,

AVAILABLE GUIDES FOR REPORTING DATA
IN VARIOUS DISCIPLINES

CHEMICAL KINETICS
14, [The CODATA Task Group on Data for Chemical Kinetics is now preparing (1973) guidelines on the reporting of
rate data.]

CRYSTALLOGRAPITY
i5. “Information and Suggestions on Presentation of the Results of Crystal Structure Studies)” 1. A. Thers, fnorg. Chim,

Acta 3,(9th prelim. page), 1969.

16, “Primary Crystallographic Data.” (mainly single crystal) O. Kennard. J. C. Speakman, and J. D. H, Donnay. Acta
Cryst, 22,445 (1967).

17. “Powder Data.’ O. Kennard, J, D. Hanawalt. A. J. C. Wilson, P. M. DeWollf and V. A. Frank-Kamenctsky. J. Appl.

Cryse. 4, Part 1, 81 (1971).

INIFRA-RED SPECTRA
18, “Specifications for Evaluation of Infra-red Reference Spectra.” Coblentz Society Board of Managers, Anal. Chem:.

38, 27A (1966).
19.  “Recommendations for Infra-red Spectra of New Compounds.’ Anal, Chem. 40, 2272 (1968).

MAGNETIC SPECTRA

20. *Manual on Mosshauer Data Presentation!’ in “Mossbauer Effect Data Index 1971, J. G. Stevens, cd. Plenum
Publishing Corp. New York [1972 - in press).

21.  “Nomenclature and Conventiors for Reporting Mossbauer Spectroscopic Data®’ (tentative Recommendations).
Atomic and Molecular Properties ad hoc Pancl on Mdssbauer Data of the NDAB, National Research Council,

Washington, 1971.

OPTICAL SPECTRA

22. “Notation for Atomic Spectra:’ W, F. Meggers and C. F. Moore, Report of Subcommittee e, Joint Commission
(IAU & IUPAP) for Spectroscopy, J. Opt. Soc. Am, 43,442 (1953).

23.  “Notation for the Spectra of Diatomic Molecules.’ F. A. Jenkins, Report of Subcommittee f, Joint Commission
(1AU & IUPAP) for Spectroscopy..J. Opt. Soc. Am, 43,425 (1953).

24. *“Report on Notation for the Spectra of Polyatomic Molecules’. Joint Commission (1AU & IUPAP) for Spectro-
scopy, J. Chem, Phys. 23,1997-(1955).

25.  “Report of Subcommittee on Units and Terminology.” Appendix A to Minutes of the Meeting for the Triple
Commission for Spectroscopy (IAU, IUPAP, IUPAC) at Tokyo, 9 Sept. 1962, J. Opt. Soc. Am. 53, 883 (1963).

26. ‘*‘Nomenclature, Symbols, Units and Thelr Usage i in Spectro-Chemlcal Analysis - I”’ Appena't,\ No. 1(1969)to

TUPAC Information Bulletins.
27.  “Recommendations for the Presentation of Raman Spectra for Cataloging and Documentatwn in Permanent Data

Collections.” Appendix No, 11 (1971) to IUPAC Information Bulletins.
28. “‘Spectrometry Nomenclature!' Anal, Chem. 40, 2271 (1968).

THERMAL CONDUCTIVITY

29. “Recommendations for Data Compilations and for the Reporting of Measurements of the Thermal Conductivity
of Gases” H. M. Hanley, et al., J. Heat Transfer, 93, Series C, 479 (1971).

THERMOCHEMISTRY AND THERMODYNAMICS

30. “A Guide to Procedures for the Publication of Thermodynamic Data. Commission 1.2 on Thermodynamics and
Thermochemistry of the International Union of Purc and Applied Chemistry. Definitive publication made in
Pure Appl. Chem., 29, 397 (1972); verbatim publication in English:

6



A Bnergy Rev,, 9,869 (1972),
JoClhiem, Thermodva,, 4,511 (1972),
Indian J. Chem,, 10,51 (1972),
Indign . Plivs., 12,51 (1972),
CODATA Newsletter, 8,4 (1972),
JoChem. Fng, Data, 18 (No, 1), 3 (1973),
in French:
Jour, de Chimic Phys,, 69 (No. 10), (Oct, 1972).
Bull, Soe, Chim, France, Special number, (Mar, 1973),

in Japanese:
The Socicty of Calorimetry and Thermal Analyvsis, (Nov, 1971), and in Russian and German [in Press).

AVAILABLE GUIDES FOR REPORTING DATA
IN VARIOUS SUB-DISCIPLINES

GAS CHROMATOGRAPHY
31, “Proposed Recommended Practice for Gas Chromatography Terms and Relationships™. ASTM Committee E-19,
J. Gas Chromatog, 6,1 (1968),

THERMAL ANALYSIS
32, Recommendations for the Presentation of Thermal Analysis Data®) 1. G. McAdie, Anal. Chem. 39, 543 (1967).

MASS SPECTROMETRY
33, *“Suggestions for the use of Symbols and Abbreviations™ in Papers Dealing with Topics in Organic Mass Spectrometry.
H. Budzikiewicz, Organic Mass Spectrometry 2, 249-52 (1969).

MISCELLANEOUS GUIDES

34. “A.S.M.E. Resolution on Communication of Experimental Data’. Mech, Eng. 80, 147 (Nov. 1958),
35. “Guide to Authors on the Preparation of Scientific Papers for Publication’. Unesco Document SC/MD/S, Paris,

Aug. 1968,



