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The most convenient and least costly experiment is one which 
is already done. Most experienced investigators know of published 
work which could have provided useful information if only the 
raw data--osci//ographic recording or the individual values of 
measured quantities--were available. Unfortunately, 
physiologists, in accordance with current editorial policy, 
generally report only statistical summaries and/or derived 
variables. 

Summary statistics are essential for description and for repor- 
ting the i nferences (based on tests or confidence i ntervals) of 
terest to the investigator. They are seldom useful for other p 

in- 
lur- 

poses, however. In contrast, the raw data often contains infor- 
mation beyond the narrow scope of the paper in which it is sum- 
marized. Accurate measurements are always useful. In this era of 
costly experiments and cheap electronic data storage it is ineffi- 
cient to use measurements for only a single, often ephemeral, ap- 
plication. Unfortunately, the retrospective analysis of data is 
often depreciated by experimentalists . This prej udice appears to 
reflect lack of understanding of the statistical concepts which 
underlie the analysis of both planned experiments and observa- 
tional studies. We will comment on these concepts after con- 
sidering some examples. 

Lost Data 
Values of measured quantities 

One of our colleagues wanted to study the equilibrium of 
creatine phosphokinase and adenylate kinase in living muscle. 
The study required knowledge of the content of adenine 
nucleotides, creatine phosphate and creatine in frog muscle at 
rest, during work, and after blockade of certain enzymes. It 
would have been prohibitively expensive to make enough 
measurements for his limited purpose, but given the extensive 
work on energy balance in frog muscle, the information required 
for his calculations should be available in the literature. Unfor- 
tunately, much of the data has been reported as the difference in 
“phosphagen” content between an experimental muscle and its 
contralateral, paired control, or as a ratio of chemical con- 
stitutents; see for example (6,8). Writers on this topic have been 

concerned with relationships among heat, work and chemical 
change. It was therefore highly appropriate to their objectives to 
summarize the data as they did. Nevertheless, the individual 
values of their measurements are unavailable for other purposes, 
such as the one our colleague had in mind. 
Distributional structure 

Physiologists tend to think of variability in terms of sampling or 
measurement error--i.e. additive errors which obscure inferences. 
In fact, variability can also arise from the physiologic properties of 
the preparation. Where this is the case an analysis of the frequen- 
cy distribution of the data can yield information unobtainable 
from summary statistics such as means. Perhaps the most 
familiar example is the analysis used by del Castillo and Katz (4) to 
establish the quanta1 nature of release of a neurotransmitter. This 
classical analysis of “noise” depends on fitting probability 
distributions (normal and Poisson) to individual voltage 
measurements and assessing the quality of the fit. 

It appears to us that there are many missed opportunities to 
perform analyses on the frequency distributions of physiological 
data and that reporting policies of journals inhibit others from fill- 
ing in the missing analyses. Such analyses can be related to the 
main goal of the original work or be unrelated. An example may 
clarify this point. 

Honig and Odoroff (7) have modelled the probability distribu- 
tions of transit times of red cells in muscle capillaries (Am. J. 
Physiol. submitted). It is presently not possible to measure transit 
times directly, but using available data on red cell velocity and 
capillary length an estimate of the transit time distribution can be 
constructed. Mean values of length and velocity, their standard 
errors, and sometimes summary histograms have been reported 
for many muscles. These statistical summaries are appropriate to 
describe normally distributed variates but if one wishes to assess 
departures from normality the requisite information is lost in the 
summary statistics. Our analysis of a few muscles based on data 
resurrected from colleagues’ project books indicates that a skewed 
distribution such as the 2-parameter gamma distribution is ap- 
propriate. Consequently, the extensive summary statistics on 
lengths and velocities in various muscles are of no value for our 
purpose, or for other statistical modelling. 

Frequency analysis is particularly important for microcirculation 
because the variables of interest must be evaluated on the basis 
of large numbers of individual measurements (lengths, velocities, 
pressures) sampled from temporally and spatially heterogeneous 
populations. This is not the case for many other categories of 
physiologic data, for which summaries based on the assumption 
of normality, or on non-parametric tests, are acceptable. More 
often than commonly believed, however, deeper insights can be 
obtained by fitting probability models to the individual observa- 
tions and assessing the residuals. 
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Retrospective Analyses 
Colligative properties of data 

The whole is often greater than the sum of the parts: By pool- 
ing data sets collected for different purposes one can often reach 
conclusions impossible to deduce from a single data set, however 
complete. Our example of capillary transit times illustrates this. 
Our mathematical model assumes that lengths have a 
2-parameter gamma distribution. We validated the assumption 
for rat gracilis, the preparation used in our laboratory. Is it valid 
for muscle generally? It is impossible for a single laboratory to 
become familiar with the use of all muscles suitable for microcir- 
culatory studies (cat sartorius, cat tenuissimus, rabbit 
tenuissimus, bat wing muscle, rat extensor digitorum longus, rat 
spinotrapezius, rat gracilis, rat and hamster cremaster, chicken 
latisimus dorsi, frog sartorius, frog recturs, etc.). If, however, the 
experts who use these preparations had reported their individual 
values, and all were fitted by 2-parameter gamma distributions, 
our conclusions about transit times could be generalized with 
some confidence. 

Additional or alternative ana/yses 
It seems presumptuous for one to assert that he alone can ex- 

tract all the information in a data set. Even if the analysis chosen 
by an author were optimal, newly discovered facts or new or 
unrelated hypotheses may justify re-analysis. Such retrospective 
use of data may well depend on distributional structure, and 
hence on the availability of individual values of measured quan- 
tities. Alternatively, insights may involve temporal relationships 
among variables, for which oscillographic recordings are re- 
quired. A useful sample is almost never published, and the 
original records are usually destroyed or consigned to dead 
storage in uninterpretable form. Increasingly, time-variant 
parameters are being recorded on magnetic tape. If  suitable corn- 
ments and calibration factors were provided, duplicate tapes 
could be made available for retrospective application to unrelated 
problems. 

Physiological modelling 
Modellers are perhaps the most avid consumers of other 

peoples’ data. Analytical as well as statistical models of microcir- 
culation have provided useful insights into transcapillary fluid ex- 
change, oxygen transport, and hemodynamics of vascular net- 
works. There is general agreement that these models are limited 
not by mathematical complexity but by lack of knowledge of 
a) numerical values of parameters, b) relationships among 
parameters, and c) spatial and temporal heterogeneity of 
parameters. Thus progress in modelling awaits the data base 
which only extensive reporting of individual values of variables 
and covariates can provide. We cite the microcirculation merely 
because of our parochial interests. We have no doubt that greater 
availability of raw data would promote progress across the entire 
spectrum of physiologic research. 

Covariates 
Covariates are an indispensible component of raw data. Com- 

mon ones for cardiovascular physiology include temperature, pH, 
PCO2, P02, hemoglobin concentration, arterial pressure, etc. 
Covariates are generally essential in judging the compatibility of 
independent data sets. Journal policies should therefore en- 
courage (but never require) reporting covariates which might be 
of value to future analysis of the data, even if they are not essen- 
tial to the author’s arguments. Where possible, covariates should 
be reported not only in summary form, but for the individual 
observations as well. 

Some Limitations and Dangers 
Applicability of other peoples ’ data 

The retrospective analysis of transit times cited above is 
unusual in that each data set was to be treated individually and in 
the form in which it was collected. More commonly conclusions 
are derived from a single large data set pooled from several in- 
dependent experiments. The principal criteria for such pooling are 
compatibility of expermental methods, and similarity of 
covariates, protocols, and conditions. Statistical techniques for 
assessing compatibility, adjusting for differences in experimental 
conditions, and judging limitations of conclusions drawn from 
retrospectively collected data are available (2). We emphasize 
that more frequent use of data by analysts who have not col- 
lected them places greater responsibility on authors 
to: a) describe methods and experiments fully, and b) docu- 
ment thoroughly materials deposited in data banks. Additional 
responsibility also falls on editors and referees to monitor com- 
pleteness and clarity in reporting measurements, and to assess 
pitfalls in manuscripts containing data analyzed retrospectively. 

Problems of priority 
One must produce a data base before theorizing or modelling. 

If  data must be made public in its entirety (not just in summary 
form), an experimentalist might find his theoretical notions in 
print before his own modelling is complete. This is especially like- 
ly if the experimentalist, aware of limitations or defects in the 
data, defers modelling until additional facts are gathered. Thus by 
requiring publication of raw data we may encourage premature 
theory and deprive careful investigators of legitimate proprietary 
interests in their observations. It has been pointed out by one of 
our colleagues that recommendations similar to those listed at the 
end of this paper were made in a report on management of 
weather resources (1). The difficuties in implementation cited in 
that report are almost identical to our own concerns. 

On reflection, we feel abuses will prove to be of little impor- 
tance in practice. In the first place, an experimentalist has at least 
a year between the time his observations are completed and their 
appearance in print. He therefore has a substantial lead. If  he 
chooses to withhold his results for a time while modelling pro- 
ceeds and/or additional data are collected the research communi- 
ty, already deluged with information, can only benefit from the 
higher quality of the manuscript which eventually results. Finally, 
a unique application or interpretation of physiological data is 
seldom possible; one is much more likely to be stimulated by the 
thinking of others than “scooped.” If, on the other hand, we con- 
tinue to bury data in summaries, experience proves that even the 
original author seldom makes full use of them. 

Sufficient Statistics are lnsuff icient 
For normally distributed random variables the means, standard 

deviations, and correlation coefficients can, in a rough sense, be 
interpreted to summarize all the information about the unknown 
parameters. This is the concept of a sufficient statistic. The 
foregoing are powerful descriptors if one can accept the assump- 
tions, but they can also obscure. Most physiologists do accept 
them; review of American Journal of Physiology indicates that 
summaries are used almost exlcusively. Dependence on sum- 
maries alone may be a iegacy of an era in which computational 
barriers limited data analysis. As a consequence, it was necessary 
to accept Fisher’s (3,5) paradigm that experiments be planned in 
accordance with the principle of randomization, to impose a pro- 
bability structure on the data. Similarly, the ideal of the test of 
hypothesis set forth by Neyman and Pearson (9) became widely 

23 


