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P R E F A C E

The Medical Applications Section of the International Atomic
Energy Agency has developed several programs for use on the
Hewlett-Packard HP-41C programmable calculator to facilitate better
quality control in radioimmunoassay through improved data processing.

The programs described in this document are designed for
off-line analysis of counting data from standard and "unknown"
specimens, i.e., for analysis of counting data previously recorded
by a counter. Two companion documents will follow offering (1)
analogous programs for use on-line in conjunction with a suitably
designed counter, and (2) programs for analysis of specimens
introduced into a succession of assay batches from "quality-control
pools" of the substance being measured.

Suggestions for improvements of these programs and their
documentation should be brought to the attention of:

Robert A. Dudley
Division of Life Sciences
IAEA
A-1400 Vienna
Austria
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Chapter I. Overview

The programs described in these notes provide for analysis,
using the Hewlett Packard HP-41C calculator, of counting data
collected in radioitnmunoassays or other related in-vitro assays.
The immediate reason for their development was to assist
laboratories having limited financial resources and serious problems
of quality control. The programs are structured both for "off-line"
use, with manual entry of counting data into the calculator through
the keyboard, and, in a slightly altered version, for "on-line" use,
with automatic data entry from an automatic well scintillation
counter originally designed at the IAEA. Only the off-line variant
of the programs is described in these notes. The on-line version
will be covered in a companion document.

1. The programs: objectives and strategy

The programs determine from appropriate counting data the
concentration of analyte in unknown specimens, and provide
supplementary information about the reliability of these results and
the consistency of current and past assay performance.

Radioimmunoassay and related procedures are subject to many
errors. Some of these arise from the laboratory manipulations
themselves; others are basically attributable to the heterogeneity
of the substances being measured and the reagents used therefor.
Special attention must be given to these errors. A part of this
scrutiny can be provided through appropriate data analysis, which
has only recently become universally accessible as a result of the
decreasing cost and increasing power of calculators and computers.

*In a recent paper , Finney states:

"The programming needs of bioassay and RIA should focus
attention on a common misunderstanding. Too often tfhose

Finney, D.J., International Statistical Review. 47 1 (1979).
"Bioassay and the practice of statistical inference."
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who are not statisticians state that methods of analysis
and computer programs for their use should be short and
very simple, leaving sophisticated techniques for
professional statisticians. In reality, for analyses
wanted frequently in routine processing of data, the
opposite is nearer to the truth. The experienced
statistician who scans his data carefully often senses the
occurrence of non-linearities, outliers, variance
heterogeneities and the like without requiring dependence
on special computations and tests. A clinical biochemist
is less well equipped for this type of data appreciation,
and, very properly, his mind is on other features of his
problem; he needs the protection of a sophisticated
program that employs many components for monitoring the
data as well as for the estimation, and he needs full
well-formatted output."

Finney goes on to regret the common use of computers (or anyway,
computer programs) of inadequate power.

These programs are an attempt to meet the challenge described
by Finney through use of what may be the lowest level of
computational power that can be considered defensible today:
"lowest" because in view of the other costs of in-vitro assays,
acquisition of a less powerful calculator is probably an
insignificant economy; "defensible" because the statistical
perceptions offered by these programs substantially exceed those
yielded by data processing procedures that are currently in use in
most small laboratories.

The strategy of data analysis adopted in these programs stems
from the work of many investigators. However, it reflects a special
debt to the work of R.P. Ekins, P.G. Malan and colleagues; D.
Rodbard, P. Munson and colleagues; and R.P.C. Rodgers. Many of the
ideas generated in recent years, especially by the foregoing, have*been systematized in a recent book by Rodgers that is admirably
suited as a supplementary reference for these notes. The central
ideas in the strategy here employed are that a paramount role of
automatic data processing lies in error accounting, and that the

Rodgers, R.P.C., Data analysis and quality control in
binder-ligand assay, Scientific Newsletters, Anaheim, CA, 1981.
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concept of "imprecision profile" is a useful tool for this
purpose. The curve-fitting model adopted (an issue that may not
deserve the obsessive attention devoted to it in most discussions of
automatic data processing) is the 4-parameter logistic. The fitting
is by weighted least-squares procedures, and provision is made for
easy adjustment of curve shape to accommodate unusual assays.

Since these programs lay special stress on assessing the
reliability of the assay, it is assumed that at least one assayist
in the laboratory is seriously dedicated to detecting,
understanding, and eliminating errors. The programs will relieve
him of much of the labour of data analysis as required for this
assessment, but cannot serve as a substitute for dedication. If the
information yielded by these programs is conscientiously examined,
it will yield two benefits. First, it will draw attention to
certain suspect results, for example unknowns that are unreliable,
or even whole assay batches that should be discarded. Second, it
can provide an objective means for distinguishing between the
comparative performance of alternative analytical procedures, i.e.,
it can help the assayist to improve his procedures.

2. The calculator

The HP-41C is a programmable "pocket calculator" with
alphanumeric capabilities to which can be attached various
accessories: at present a printer-plotter, magnetic card reader,
bar-code reader, and assorted memory modules. (An advanced version
recently released, the HP-41 CV, has the full memory capacity in the
calculator itself.) By virtue of its operation from rechargeable
batteries, it is well .suited to use in environments where the
electrical power system is of low quality. Almost all of the
capabilities of this calculator system are exploited in the
following programs; therefore at this level of data processing the
calculator can be considered well matched to the task.

More often but less appropriately this concept is called the
"precision profile".
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3. Organization and use of these notes

Most newcomers to these programs will sense 2 barriers to their
use: the data analysis strategy will be unfamiliar to them and the
calculator on which the data analysis is to be implemented will also
be unfamiliar. To introduce these novelties one at a time, 2
chapters precede the actual instructions in data processing.
Chapter II is a summary of the basic concepts that underlie the data
analysis strategy. No use of the calculator is made in this
chapter, although at each step mention is made of the calculations
it will ultimately accomplish. Chapter III introduces the
calculator: first the performance of calculations without the aid of
a stored program and then the use of stored programs. In the latter
circumstance, a "training program" is employed that illustrates
nearly all the devices of user-calculator interaction as required
subsequently for processing in-vitro assay data, but in an
elementary context (addition, subtraction, multiplication, and
division) where that which is being calculated has no inherent
mysteries.

Chapter IV, the heart of these notes, covers off-line
processing of in-vitro assay data under conditions where there are
no irregularities in the data. Chapter V describes the processing
of data containing irregularities, and the interpretation of the
resultant irregularities in the output. Finally, Chapter VI
explains the role of 2 auxilliary program sets that can be used to
assist data processing.

*Chapters II and III can be studied in either order.
Reasonable familiarity with Chapter II is essential before
proceeding to Chapter IV. However, Chapter IV will provide
practical illustrations of Chapter II and should help in its
comprehension; therefore Chapter II should be studied again after

In the numerous cross references among sections, the Roman
numerals (e.g. IV) identifying the Chapters are omitted, for
simplicity of notation, except when the section referred to is
in a different chapter.
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working through Chapter IV, Mastery of Chapter III is essential
before entering Chapter IV, as is mastery of Chapter IV before
proceeding to Chapters V or VI. Working through this material will
take some time; the reader should look upon this task as an
investment; it will give him access to data processing that is much
simpler, faster, and more powerful than manual calculations, and
provide a much deeper understanding of the reliability of the
measurements.

Appendix 1 is a glossary of symbols and messages used in the
programs and documentation. Appendix 2 is a slight expansion of the
discussion in Chapter II regarding the chi-square test, and Appendix
3 plays the same role for the variance-ratio test. Appendix 4
contains the programs in the form of bar-code, which the calculator
can "read" with the aid of the Optical Wand.

A supplementary booklet contains a summary of the instructions
for reference at the laboratory bench.
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Chapter II. Basic Ideas in Data Analysis

The basic objectives in the analysis of data from in vitro
assays are (1) to determine the concentration of the analyte in
each "unknown" specimen, (2) to estimate the reliability of these
results, and (3) to assess the consistency of performance of the
assay procedures over the recent past. The programs described in
these notes deal with all of these issues, and the present chapter
sets forth the ideas that underlie them.

The first section deals with some basic non-statistical
concepts used in data processing, and the second with some
statistical concepts. The third section summarizes the philosophy
of data analysis embodied in these programs in the light of the
basic concepts.

These sections should be studied in sequence, bearing in mind
two things. First, while many of the basic concepts and the
examples illustrating them imply a substantial amount of
computation, in actual data processing all of these computations
will be performed automatically by the calculator; at most, the
analyst may have to add a few numbers. Second, although it would be
very helpful if the concepts introduced were grasped in the sequence
of their presentation, a second pass through this material will be
made in the succeeding chapters that work step by step through
examples of data processing; one cannot expect to comprehend the
full meaning and significance of these concepts in a single reading
if one is not already familiar with them. No one will be prevented
from carrying through the data analysis offered by these programs
for the reason that he cannot perform the mathematics, since the
programs do all the mathematics. On the other hand, many of the
concepts have a numerical basis to which the assayist cannot be
oblivious if he wishes to interpret the results meaningfully.
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1. Non-statistical concepts

1.1. Counting rate (C)
The counting rate of an assay tube is the number of counts per

minute (ct/min) recorded on it by the counter. As used throughout
these notes, it includes the background counting rate, which is
assumed to be stable.

Example: A "total-activity tube" (that is, a counting
tube containing the full amount of tracer
which was added to each tube at the beginning
of the assay) yields 75000 counts in a
counting period of 3 minutes. Its counting
rate is C = 75000 ct/3 min = 25000 ct/min.

Example: An assay tube (either a standard or an
"unknown") yields 15076 counts in 3 minutes.
Its counting rate is C = 15076 ct/3 min = 5025
ct/min.

The calculator automatically computes counting rates.

1.2. Normalized counting rate (P)
The normalized counting rate of an assay tube is its counting

rate as a proportion (hence the symbol P) of the mean counting rate
measured on the "total-activity tube(s)". It is expressed
numerically as 100 times the ratio (sample counting rate)/(total-*activity counting rate) .

Example: The above assay tube yields a normalized
counting rate of

p = 5025 ct/min OQ = 2QP 25000 ct/min X 10° 20'1

Certain features of the assay (especially the RER - see Section
**2.12 ) display systematic characteristics only if the counting

P of course expresses counting rate as a percentage of that
measured on the total activity tubes. The percent terminology
is not used to avoid confusion between P and the percentage
error in P (see Section 2.9).
See footnote on p. I - 7. Section 2.12 referred to is in this
Chapter; otherwise the Roman numeral for the Chapter would also
be given.
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rates are expressed in normalized form. (After all, the activity
level of the tracer used is - within limits - an arbitrary and
uninteresting quantity.) The calculator automatically normalizes
counting rates.

1.3. Response
This is a general term for the quantity measured on an in-vitro

assay specimen. In these notes the "response" always means the
normalized counting rate (P) of the tube in question. In other
systems of data analysis the response is sometimes expressed
differently - for example, the ratio of the counting rates of the
bound and free fractions of a sample (commonly symbolized as "B/F").

1.4. Concentration of analyte (X)
The concentration of analyte in the standards is the amount of

analyte per unit volume; it is often referred to as "dose" (an
overworked word). The concentration of analyte, or dose, in the
standard introduced into a particular standard tube might correspond
to X = 10 nanomole/litre (nmol/l) of serum. It might alternatively
be expressed as the (numerically different) number of
nanogram/millilitre (ng/ml) of serum, or in some other convenient
unit. The concentration of analyte in the unknowns, sometimes also
referred to as dose, is given in the same units as for the standards.

1.5. Standard curve
This is the relationship between the response measured on the

standard tubes and the concentration of analyte in them, visualized
as a graph. Such a graph, however, may be presented in a variety of
forms.

Example: In Fig. II.1 a representative standard curve
for an assay based on the measurement of bound
analyte is given in a very simple form: a plot
of normalized counting rate (P) vs. dose (X).
For a P value of 20.1 on an "unknown" tube,
the corresponding X value as read off the
curve is 10.5 ng/ml. For a P value of 20.7 on
another "unknown" tube, X = 9.7 ng/ml.

Example: In Fig. II.2 this same relationship is given
in a different coordinate system: P vs. In X
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Fig. II.3 Standard Curve: logit y vs. In X
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(in means logarithm to the base e, as it does
on the HP-41C keyboard). The curve has an
almost symmetrical "sigmoid" shape. It is
characterized by 4 parameters (adjustable
constants), that will appear often in these
notes:
a = the highest P approached. In this example

of "bound counts", it is observed at X = 0
(In X = -co) and is shown numerically
equal to 34.0.

d = the lowest P approached. In this example
of "bound counts", it occurs at very large
X (In X = 00) and is shown numerically
equal to 2.7. For "bound counts", d is
synonymous with the "non-specific binding"
(or NSB) counting rate.

c = the value of X at which the counting rate
P is halfway between a and d, i.e., where
P = (a + d)/2.

b = a quantity related to the steepness of the
curve (see next example).

Example: In Fig. II.3 this relationship is given in a
third type of coordinate system, called
"logit-ln". If one defines

a - d
then

The vertical scale in Fig. II.3 is logit y,
and the horizontal scale is In X. Such a plot
is of special interest because the particular
mathematical equation that is used in these
programs to approximate the standard curve is
a straight line in this coordinate system,
with slope = -b . A somewhat modified form
of Fig. II.3 is generated by these programs;
it is introduced later in Section II.2.17.
All the calculations necessary for use of this
equation and this coordinate system are
performed automatically by the calculator.

For details see D.Rodbard and D.M.Hutt, "Statistical analysis
of radioimmunoassays and itnmunoradiometric (labelled antibody)
assays", in Radioimmunoassay and related Procedures in
Medicine, Vol.1, IAEA Vienna, 1974, p.165.
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2. Statistical concepts

2.1. Types of error: systematic and random
A source of error is said to cause systematic errors (or bias)

if it pushes a result in one direction only - either up or down. If
an analytical procedure for T3 shows some response also to T4, then
the results will show a systematic erroneous elevation for specimens
that contain T4. A source of error is said to cause random errors
if it is as likely to push the result up as to push it down. Many
types of pipetting errors are random. Statistical analysis is
concerned primarily-with random errors.

2.2. Replicates
Counting tubes that are prepared independently of each other,

but using identical procedures on aliquots of the same specimen, are
called replicate tubes. Typically, counting tubes are prepared with
a multiplicity of 2 (duplicates), sometimes with a multiplicity of 3
(triplicates), occasionally with a multiplicity of 1 (singletons).
The concept of replicates - independent but equivalent - may also be
applied in other contexts than just counting tubes: for example, one
can imagine that entire assay batches are replicated.

2.3. Frequency distribution
The results on replicates (for example, replicate counting

tubes) are usually somewhat different from each other; they show
"scatter" as a result of the influence of random errors. The nature
and implications of scatter are most easily visualized with the aid
of a frequency distribution histogram.

Example: Fig. II.4 is a frequency distribution
histogram for the 2 replicate P values
illustrated in Fig. II.1. The horizontal axis
gives several ranges of P values (or "bins",
as such ranges are sometimes called), each bin
covering a P range of 0.1. The vertical scale
gives the number of counting results that fall
into each bin. The first tube gave P = 20.1
(rounded to the first decimal place); let us
say the exact value fell between 20.1 and
20.2. The second tube gave P = 20.7; let us
say its exact value fell between 20.6 and
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20.7. Therefore Fig. II.4 shows one result in
each of these 2 bins.

Example: Fig. II.5 shows the frequency distribution as
it might look if 30 replicates had been
measured.

2.4. Population
While it is common to measure counting tubes only in duplicate

or triplicate because of the expense of measuring more, one
recognizes that it is possible in principle to prepare and to
measure tubes with a very large multiplicity, such as 100 or 1000.
Thus one carries in the back of one's mind the concept of a very
large "population" of replicates, from which the 2 or 3 replicate
tubes he prepares and measures are just a representative small
sample.

Example: Fig. II.6 is an idealized frequency
distribution for the population of tubes
underlying Figs. II.4 and II.5. Here the bins
have been made very narrow (a P range much
less than 0.1), and an extremely large number
of tubes is assumed to have been measured.

A frequency distribution having the idealized shape of Fig. II.6
is called a Gaussian or "normal" frequency distribution. Such a
distribution occurs very commonly in experimental measurements of all
sorts; usually it is assumed as the underlying description of a
population, although the assumption is not always true. The
properties of the normal frequency distribution are well known, and
some of them are described in the following Sections.

One intuitively understands as "the true value" of some quantity
(in this context, the value free of random errors) the result that
would be yielded if such a large population could be measured and
averaged. An important fraction of statistical analysis is concerned
with predicting how large a difference might exist between this "true
value" from the population and the result yielded by the few
replicates measured. The difference between the "true value" and the
measured value tends to shrink as the number of replicates (that is,
the multiplicity) gets larger.
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2.5. Mean

The mean (or average) of a set of replicate results is equal to
the sum of all the results divided by the number of results.

Example: If duplicate tubes as in Fig. II.1 yield P =
20.1 and P = 20.7, respectively, the mean P is
given by

P- 20-1^0.7 = 20.4.

Example: If the derived analyte concentration X in the
above 2 tubes was 10.5 ng/ml and 9.7 ng/ml,
respectively, the mean X is given by

v 10.5 + 9.7 _ ._ , , ,X = ————-——— = 10.1 ng/ml.

In conventional notation, if there are r replicates, having results
Z., respecté
expressed as
Z., respectively, the mean result Z of these replicates is

z = (zx + z2
or simply Z = —

The calculator automatically deduces the mean result from each set
of replicate tubes.

Since a normal frequency distribution is symmetrical, the mean
value is found at the peak of the distribution (see Fig. II.6).

2.6. Standard deviation (SD)
The standard deviation is a measure of the amount of scatter

among replicates. Using the same notation as for the mean, the
standard deviation of a sample of replicates is defined as

- z)2SD = U ̂ i Z) .
Y r - l

Example: For the duplicate tubes illustrating the
"mean" above, one has for the sample standard
deviation of the replicate P values:

SD = A / (20.1 - 20.4)2 + (20.7 - 20.4)2 = 0.42.
2 - 1
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The analyst is not required to carry out such calculations in the
data processing foreseen by these programs, since the calculator
does it automatically. Nevertheless, he must have a feeling for the
meaning of the calculator's output. The SD of a "normally
distributed" population (as in Fig. II.6) defines a range within
which about 68 % (about 2/3) of the replicates lie, namely the range
mean-minus-1-SD to mean-plus-1-SD (mean +^ l SD). Within the range
mean +_ 2 SD about 95 % of the replicates would lie, and within the
range mean +_ 3 SD about 99.7 %. The sample SD calculated from a
small sample of only 2 replicates (as in Fig. II.4) provides an
estimate, but a very unreliable estimate, of the population SD.
This unreliability will be illustrated further in connection with
the RER (Section 2.12).

2.7. Number of degrees of freedom (F)
This is a somewhat subtle statistical concept relating to the

number of independent quantities in a calculation.

Example: In the above calculation of SD, the number of
degrees of freedom, F, is equal to r - 1;
there are r independent replicate results, but
one degree of freedom is "lost" in calculating
Z.

The calculator automatically calculates the number of degrees of
freedom whenever this quantity is needed.

2.8. Standard e"ror (SE)
While the SD describes the amount by which individual replicate

results scatter with respect to each other, the SE tells how
uncertain is the mean result of the measured replicates. That is,
it describes how big the difference might be between the mean of
these replicates and the "true" mean, namely the mean of the
population. The SE is related to the SD as follows:

SE =

Example: The SE of the normalized counting rates (?) of
the 2 replicate tubes described in Sections
2.5 and 2.6 above is given by:

- 0-42 - n in- °-30-
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If the population SD were known and used in calculating the SE, then
there would be a 68 % chance that the mean value of the replicates
lies within 1 SE, or a 95 % chance that it lies within 2 SE, of the
mean value of the population. When the sample SD is an unreliable
estimate of the population SD for the reason that the sample
consists of only a small number of replicates, the sample SE will be
correspondingly unreliable.

2.9. Coefficient of variation (CV)
The CV is the standard deviation expressed as a percentage of

the mean:

CV = -- x 100 %.mean *

Thus the CV has properties closely analogous to those of the SD. In
these notes, the CV is almost always used rather than the SD.

Example: For the same 2 replicate tubes, the
CV of P = ̂ fp7 x 100 % = 2.1 %.

£- \J • T-

The calculator automatically calculates the CV of all replicate results.

2.10. Coefficient of variation of the mean (CVM)
The CVM is the standard error expressed as a percentage of the

mean:
CVM = -^- x 100 %.mean

Thus the CVM has properties closely analogous to those of the SE.
In these notes the CVM is almost always used rather than the SE.

Example: For the same 2 replicate tubes,

CVM of F = ~Q x 100 % = 1.5 %.

The calculator automatically calculates the CVM for the results
derived from each set of replicates.

SDStrictly speaking, CV = ———. It is expressed in these notes
(and often elsewhere) as a percentage simply to avoid the
inconvenience of fractional numbers.
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2.11. Origin of random errors

Random errors present in in-vitro assays arise from many
sources (counting statistics, pipetting, other chemical
manipulations, etc.). Nevertheless, it is useful to group these
error sources into 2 categories: counting statistics and all others.
The errors they generate are here called counting-statistics errors**and non-counting-statistics errors

Counting-statistics errors are related to the number of counts
collected (n). The CV attributable to counting-statistics errors in
a measured counting rate is given the symbol S in these notes.

(Note that n is not the counting rate!).

Example: The counting-statistics CV in both counting
rate C and normalized counting rate P for the
standard tube in Sections 1.1 and 1.2 above is

= n 8— U.o

The counting'statistics errors can in principle be made as
small as desired by counting a long time (although in practice this
may not be feasible). Furthermore, the counting-statistics CV is
automatically calculated by the calculator for every tube measured,
using the value of n keyed in. The non-counting-statistics errors
can however be deduced only from experience: how much scatter among
replicate results is left after the contribution of counting-
statistics errors has been allowed for?

The CV of a measured counting rate attributable to non-counting-
statistics errors is given the symbol R in these notes. For a large
set of replicate data (a population of replicates) the non-counting-
statistics CV (namely R) and the counting-statistics CV (namely S)

v *t Some authors call these non-counting-statistics errors
"experimental errors" - an inappropriate term since counting-
statistics errors are also experimental errors. Another term used
is "manipulation errors".
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would combine to give the overall CV in the following way:

(overall CV)2 = R2 + S2.

These errors, which are independent of each other, are thus said to
add "in quadrature" - their squared values add together. One could
alternatively write:

R2 = (overall CV)2 - S2.

Thus from data on replicates one can estimate the magnitude of the
non-counting-statistics errors. If the number of replicates is
large, the quantity thus calculated will be a good estimate of the
population R. But as always, if one has only 2 or 3 replicates, the
quantity calculated will be only a very crude estimate of what one
would find for a population. The estimate of R will be especially
crude if S is bigger than R - that is, the non-counting-statistics
fluctuations cannot be estimated reliably if they are hidden among
larger counting-statistics fluctuations.

Example: The observed CV in the example of Section 2.9
is 2.1 %, for a replicate pair of tubes having
a counting-statistics CV for each tube of
0.8 % (see example above). Hence

R2 = 2.I2 - 0.82 = 3.8.
2The calculator automatically solves for the estimate of R on each

set of replicate results processed. It then calculates a quantity

H = F R2,

where F is as defined in Section 2.7 (F = 1 for duplicates, 2 for2triplicates, etc.). H is known as a weighted R .

2.12. Response error relationship (RER)
The RER as used in these notes is a description of the random

non-counting-statistics errors in an assay procedure, i.e. the
scatter that remains among replicates even after they have been

*counted a long time . As used in these programs, the RER is

Other authors sometimes use the term RER to refer to the
combination of counting-statistics errors and non-counting-
statistics errors, i.e. to the combination of all random errors.
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Fig. II.7 Scatter Diagram: R vs. P
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simply a plot of R against Pv.

Example: Suppose that a very large number of duplicate
tubes from an assay batch (or equivalently,
the duplicate tubes from many replicate assay
batches) had been counted, each for a long
time, and that for each pair the value
estimated for R was calculated:

R2 = (overall CV)2 - S2.

If the value of R2 for each pair were
plotted against P, such a "scatter diagram" as
that in Fig. II.7 would result. It is clear
that at any one value of P the estimated R2
values scatter widely, confirming that
individual values are only crude estimates of
what a population of replicates at that P
would show.

Fig. II.8 is based on the same data as
Fig. II.7. However, the P scale has been
divided into 9 segments (or "bins"), and the
weighted average ( £H/ £>) of all the R2
values in each bin has been calculated. Each
of the resultant 9 points reflects many tubes
(many degrees of freedom), and is a good
estimate of R2 for the population of its bin.

Finally, if the square root is taken of
the mean R2 in each bin, R can be plotted
against P as in Fig. II.9.

The smooth curve drawn through the points in Fig. II.9
represents the RER for a typical assay procedure . It shows that
for this particular procedure, R is approximately 3 % at all P.
Looked at more closely, R declines slightly with P. In the
forthcoming data analysis programs the RER is expressed in the form
of a simple equation:

R = A + BP.

Most authors plot RP (that is, the standard deviation) rather
than R (the coefficient of variation) against P. The latter
form has practical advantages in the following programs when,
as often happens, the magnitude of R is almost independent of P.
There are good reasons from the theory of statistics for first
finding the mean R2 from many specimens, and only as a last
step taking the square root, as just illustrated. Among other
reasons, individual estimates of R2 may be negative numbers,
whose square root cannot be taken.
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Pig. II.9 Response Error Relationship (RER): R vs. P
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For each particular RER, values of the constants A and B can be
found such that the equation provides a reasonable representation of
that RER.

Example: For the RER of Fig. II.9, a good fit is
provided if the constants are given values:

A = 3.5 %
B = -0.03 %.

Thus at P = 20.1,

R = 3.5 % - (0.03 %) (20.1) = 2.9 %.

In fact, a quite adequate fit is given by
A = 3 %, B = 0 %.

For different analytes, or different analytical procedures,
quite different values of A and B may be found. However, once the
analytical procedures have been standardized for a particular
analyte, the values of A and B tend to be rather stable from one
week to the next. It is this feature of the RER that makes it
useful.

The calculator automatically totals the estimated H values
(which reflect the random errors of non-counting origin) for all
standard specimens and then for all "unknown" specimens, and2calculates the mean R (more exactly, square root of mean R ) for
each group. In addition, it automatically sums in 9 "bins" the
estimated H values it computes for "unknown" specimens. When a
relevant set of H and F values from such bins is keyed back into the
calculator, it will automatically deduce the values for A and B that

"rfprovide the best "weighted least-squares fit" to a plot of R
against P.

**2.13. Imprecision profile (IP)
Like the RER, the imprecision profile is a description of the

random non-counting-statistics errors in an assay procedure.

See Section 2.16. The weights used in fitting R vs. P as in
Fig. II. 9 are /yF~ for the respective bins.
Most authors use for this concept the terminology "precision
profile", but "imprecision profile" would seem to be a more
appropriate formulation.
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Fig. 11.10 Imprecision Profile: Non-Counting CV of X vs. In X
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However, it displays them in terms not of P but rather of X, i.e.,
in terms of analyte concentration, which is the end result of
interest. As used in these notes, the imprecision profile is the
non-counting-statistics CV of X plotted against In X.

Given a pair of duplicate P values it is possible to find the
duplicate X values that correspond to them, as illustrated in Fig.
II.1. Thus a particular range of P yields a particular range of X.
If the range of P selected corresponds to 1 SD of P, then the
associated range of X is the associated SD of X.

Example: A representative point (R, P) from the RER in
Fig. II.9 may be transformed to yield the
corresponding CV of X, and X. At P = 20,1, R =
2.9 %. Therefore the non-counting-statistics
SD of P at P = 20.1 is 2.9 % of 20.1, or SD =
0.6. From the standard curve in Fig. II.1,
the X values corresponding to P = 20.1 and P =
20.7 have already been determined: X = 10.5
and X = 9.7. The range of X is 0.8, and the
range expressed as a percent of X is (0.8/10)
x 100 % = 8 %. Thus the transformation is:

P = 20.1 X = 10.5 (and In X = 2.35)
R = 2.9 % CV of X equals 8 %.

(This calculation illustrates the principle;
however, the arithmetic is simpler and more
accurate if one makes use of the relationship
[SD(P)]/[SD(X)] = slope of curve.)

If several points from the RER are thus transformed, the
resultant plot of CV of X against In X is the imprecision profile.

Example: The imprecision profile corresponding to the
RER of Fig.II.9 and the standard curve of
Fig.II.1 is shown in Fig.II.10.

The imprecision profile in Fig.II.10 shows how the random errors in
the measured values of X, as originating from all sources other than
counting statistics, varied with X in a particular set of
measurements on a large number of samples. This is a key issue in
evaluating the reliability of the analytical procedures, or in
choosing between one possible procedure and another. Note in
particular that even if the percentage error in counting rate is
nearly the same at all values of counting rate, the resultant
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percentage error in concentration depends strongly on
concentration. Note also that the quantity plotted is the CV, not
the CVM. The mean of duplicate tubes, for example, would be more
reliable: the CVM would equal

The calculator automatically tabulates the imprecision profile
corresponding to a particular RER (that is, particular values of A
and B) and to a particular standard curve.

2.14. Observed scatter and expected scatter
The preceding Sections have already implied the distinction

between observed scatter among results on replicates and expected
scatter among result's on replicates. Whenever 2 or more replicate
results are available, the observed scatter can be quantified by the
various statistical measures already described (SD, CV, etc.). The
amount of scatter expected is usually quantified as the SD, CV,
etc., of a reference population of replicates, and specifically of a
population that is considered relevant. The continual comparison of
observed scatter against expected scatter is one key tool in
appraising the quality of assay results. Every analyst does this
intuitively, and scatter that is "unreasonable" draws his
attention. But statistical analysis can provide a more perceptive
comparison than intuition. It does so by answering 2 questions: (l)
"What is the ratio of observed to expected scatter?" and (2) "Is
this ratio, from a statistical point of view, significantly
different from unity?" Presumably the analyst's actions will be
guided by these answers as he considers discarding certain results,
or altering some of his procedures.

These programs make use of 2 statistical tests, the chi-squareX2) test and the variance-ratio test. The former
is a special case of the latter. These tests are powerful and,
despite their possibly frightening names, easy to use. In these
programs the arithmetic required to apply them is performed
automatically by the calculator; all that is required of the analyst
is the interpretation of their outcome. These tests are explained
further in Sections 2.15 and 2.18, respectively.
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Before treating these tests, a digression must be made to
consider what reference population is relevant to characterize
expected scatter. Four special cases will be described.

One question every analyst should ask is whether the random
scatter of non-counting-statistics origin among replicates in the
current assay batch is consistent with that in earlier batches. If
not, his procedures are apparently not fully under control and he
cannot optimize them in such a way as to give errors that are
acceptably small with a minimum cost for operator time, reagents,
etc. For this comparison the relevant reference population is
described by the RER generated by his last assay batch, or perhaps
better, by his last several assay batches combined.

A second question concerns the identification of "outlier"
results on replicate tubes. By "outlier" one means a discrepancy so
large that it could not plausibly reflect merely normal scatter,
i.e., it must reflect some extraneous error such as spillage during
chemical manipulations. If the counting tubes are prepared as
singletons, there can be no internal evidence regarding scatter. If
they are prepared as duplicates, the presence of implausibly large
scatter can be evident but there is no internal evidence as to which
tube is the outlier; presumably neither result could be trusted.
With triplicates it is in principle possible to identify which tube
is the outlier and to base the result on the other tubes. The ideal
reference population for identifying the excessive scatter that
characterizes outliers would probably be the other specimens having
comparable analyte concentrations in the same assay batch. However,
this presents 2 difficulties. First, the number of such specimens
might be small, so that their population CV might be unreliably
known. Second, this would require that the data on all the tubes in
the assay batch be processed before the statistical evaluation of
any one specimen were printed out. Since the HP-41C cannot store so
much data, such a strategy would require the data to be keyed in
twice« The following alternative strategy is therefore adopted in
these programs. The reference population is taken to be the
population (l) whose non-counting-statistics errors are described by
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the RER acquired on previous assay batches and (2) whose counting-
statistics errors reflect the number of counts acquired on each
respective tube in the current assay batch. When analysis of the
current batch is completed, it could happen that assumption (1)
appears not to have been valid because an unreasonably large number
of specimens (more than 1 or 2 %, perhaps) have been classified as
outliers. This should not occur often with routine assays, but if
it does, the analyst can ignore the designation as outlier and
consider the scatter to reflect a poorer RER than usual. This is
discussed again briefly in Section V.2.2.

A third question concerns the magnitude of the CVM that should
be attributed to each result on "unknown" specimens. The observed
CVM is available, but as already emphasized, such a CVM calculated
from only 2 or 3 replicates is a very unreliable estimate of the
true CVM. A better strategy is to use an expected CVM (unless the
observed scatter is so great as to suggest that one of the
replicates is an outlier, in which case no meaningful CVM can be
assigned). The situation now is essentially identical to that of
the preceding example. The most relevant expectations would be
based on the scatter observed at neighbouring analyte concentrations
in the current assay batch; however, such specimens might be few in
number, and are anyway not available for comparison until the
analysis is completed. Therefore the same strategy is adopted as in
the foregoing case: the expected CVM is calculated from the RER of
previous assay batches and from the multiplicity and the counting
statistics of each relevant specimen in the current batch. An
approximate adjustment can be made to this expected CVM to reflect
the RER of the current assay batch if at the conclusion of the
analysis it is found to be appropriate (see Section V.2.3).

The fourth example concerns the fitting of the standard curve
to the measured results on the standard specimens. It is treated in
Section 2.18.
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2.15. Chi-square test

As stated above, statistical analysis can help answer 2
questions: (l) "What is the ratio (e) of observed to expected
scatter?" (2) "Is the departure of this ratio from unity (i.e.,
from a value of e = 1.00) significant from a statistical point of
view?"

To answer these questions for a normally distributed
population, statistical analysis offers the chi-square test. This
test makes use of 2 quantities: (l) F, the number of degrees of
freedom in the data (see Section 2.7), and (2) a quantity called U
in these notes, where

r\

/'observed CVM\
X \expected CVMJ '

(These CVM's are the overall CVM's, including both non-counting-
statistics and counting-statistics errors - see Section 2.11 ).

"Y 2 ~y~ 2U has the properties of J^. , as tabulated in J^ tables.

From the definition of U, one has immediately:
». L, ,„ observed CVM —A/U/F = ———— •• •„ • — e.y expected CVM

Thus the quantity A/U/F provides the value of e, the answer to the
first question posed above. The reason for setting up the answer in
terms of U and F, rather than directly in terms of observed and
expected CVM's, will become apparent shortly: it allows the same
analysis to be applied to collections of replicate sets.

In answering the second question, the ratio of observed to
expected scatter is said to be significantly different from unity if
the observed replicates could not plausibly have come from the
expected population. For example, suppose the observed CV of P is
calculated from 2 measured replicates, such as those in Fig. II.4,
and suppose these 2 replicates are believed to come from a
population (thus the expected population) having a CV like that
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reflected in the frequency distribution of Fig. II.6. One could
then ask, "If I drew 2 replicate results at random from the expected
population, what is the probability that the CVM calculated for them
would be as great as, or greater than, the CVM describing my 2
measured replicates?" If the probability is very low (for example 3
chances per thousand, or probability p = 0.3 %), one would conclude
that the observed CVM is not consistent with the expected CVM, or in
other words, that the observed results could not plausibly have come
from the expected population. Hence the ratio of observed CVM to
expected CVM is greater than unity by an amount that is
statistically significant. The practical conclusion would be that
the replicates measured were affected by more or larger errors than
those influencing the population of Fig. II.6. Alternatively, the
opposite situation might be discovered: a very high probability
(maybe p = 99.7 %) that 2 replicates drawn at random from the
expected population would yield a larger CVM than the CVM observed.
This could be rephrased as a very low probability (0.3 %) that
duplicates from the expected population would show a CVM as small as
observed. One would now be very confident that the replicates
measured were affected by fewer or smaller errors than those
influencing the population of Fig. II.6. Finally, an intermediate
situation might be found, for example a probability of p = 30 % that
the 2 replicates from the expected population would show a CVM
greater than observed; in this case it is not at all implausible
that the observed replicates come from a population having scatter
as shown in Fig. II.6. To summarize, if such probabilities p could
be found, they would serve as the answer to the second question:
they would quantify the degree of significance of the discrepancy
between the observed CVM and the expected CVM.

The relationship between F, U, and p is indeed available,
from JC tables. Such tables are included in Appendix 2, along
with examples of their use. Hence for any pair of F and U values,
not only can the quantity e be calculated but also the degree of
statistical significance of its departure from unity.
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Fig. 11.11 Ranges of p-value (fromJL test) Chat will be "flagged"

Range of p-value

100 % - 95 %

95 % - 5 %

5 % - 0.3 %

0.3 % - 0 %
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From every set of replicate results the calculator automatically

calculates and prints F, U, and e. In addition, it labels, or
"flags", each value of e distinctively according to the p-value
resulting from the JL test. Specifically, it uses a separate
label for each of the 4 ranges of p shown in Fig. 11.11. Hence the
analyst has displayed before him the ratio of observed scatter to
expected scatter, and also the approximate degree of statistical
significance in its departure from unity.

The JL test has another very important property. It can be
applied in an identical manner to collections of replicate sets,
provided only that their component F values are summed and their
component U values are summed. The resultant value of e is to be
understood as an average e for the collection (specifically, it is a
weighted root mean square ratio of observed to expected scatter in
the collection). Thus by comparing a single pair of numbers (sum of
F, sum of U) the JL test can assess a whole assay batch (or any
selected part of it) for consistency between observed and expected
random errors. Indeed, the test becomes more powerful as F gets
larger: the ratio of observed to expected random scatter can be
determined more precisely. For example, if F - 2 it is not possible
to say that a calculated value of e = 1.5 is significantly different
from 1.0. However, if F = 100, then a value of e = 1.5 is
"certainly" different from 1.0: observed scatter undoubtedly exceeds
expected scatter.

The calculator automatically calculates and prints the values
of F, U, and e (flagged at the 4 significance levels as in Fig.
11.11) for the following collections of replicate sets: all
standards, all unknowns, and the subsets of unknowns falling into
each of 9 equally spaced bins of normalized counting rate P.

2.16 Curve-fitting
The standard curves sketched in Figs. II.1 to II.3 are

idealized smooth curves. In real life, however, the standards
present the analyst not with a smooth curve but with a set of 6 or
8 points to which he must approximate a curve. He could draw the
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curve through every point if he made it wiggly enough, or he could
draw a straight line even when the points obviously formed an arc.
There are many strategies for finding a reasonable compromise
between these extreme approaches. Since the eye is very good at
"pattern recognition", even a manually drawn curve can compete with
computer-fitted curves, provided the manual curve is drawn on the
basis of considerable experience. These programs offer a
mathematical fitting method, using one of the strategies currently
in good favour. In addition, they offer, as a universal fall-back
option, an easily used but seldom needed manual method to adjust the
shape of the mathematical curve.

The mathematical method is called, in technical terminology,
the fitting of a 4-parameter logistic curve to the points, using

*weighted least-squares procedures . The equation giving rise to
this curve contains 4 parameters, or constants (a, b, c, and d, as
defined in Section 1.5), which can be freely adjusted so as to allow
the curve to go near the points. The curve is a straight line in
the coordinate system of Fig. II.3.

Conceptually, the first step in preparing the standard curve is**to make "guesses" as to the magnitude of the constants a and d ,
then to plot the standard points in the coordinate system of Fig.
II.3, each one carrying an error bar representing its expected SE,
and finally to find that straight line which is the "best fit" to
the points. Loosely, the "best fit" line is the one that goes
closest to all thr points. A weighted fit means that the line is
forced closest to those points that have the smallest error bars. A
more quantitative definition of "best fit" is evident in the
following example.

For details see D.Rodbard and D.M.Hutt, "Statistical analysis
of radioimmunoassays and immunoradiometric (labelled antibody)
assays", in Radioimmunoassay and Related Procedures in
Medicine, Vol.1, IAEA Vienna, 1974, p.165.

These "guesses" would normally be the P values measured on the
zero-dose tubes and "infinite-dose" tubes if they are available
(see definition of a and d in Section 1.5).
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Pig. 11.12 Standard Curve (Fig. II.3 with data points and error bars)
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Example: Fig. 11.12 shows the same standard curve as
Fig. II.3, except that the standards results
that led to this curve are now also displayed,
each with an error bar representing the
expected SE of logit y (as computed from the
expected SE of P for that standard). The
distance between the first point and the
fitted curve is shown as D^, and the SE of
the point as SÊ . The ratio is D^/SEx«
The best fit to the points is given by that
straight line for which the sum of these
squared ratios for all points is smallest,
that is, £| (D^/SEi)2 is a minimum. The
"best fit" line from this first step yields
values for the remaining 2 constants, namely
for b and c.

*The second step , conceptually, in fitting the standard curve
involves again plotting the standard points and their error
bars in a different coordinate system, in which again the equation
yields a straight line, then fitting the line exactly as in the
foregoing example except that the 2 parameters b and c, not a and d,
are now fixed. This process yields new values for the parameters
a and d, namely values that are an improvement over the initial
guesses.

Finally, these two steps are repeated several times, each cycle
yielding improved values for the 4 parameters, namely values that^— 2give a smaller £_ (D./SE.) . When this quantity no longer
shrinks significantly with each cycle of calculations, the constants
are close to their ideal values and the calculation may be
terminated. The fit is now the "best" standard curve according to
the criteria of this mathematical procedure.

**The calculator performs all of the calculations conceptualized
r— 2above, terminating its analysis as soon as the quantity ]_ (D./SE.)

shrinks by less than 1 % in a full cycle. The result is said to have
"converged" to its final value.

.<. For details, refer to Rodbard and Hutt as just cited.
'•'•••Jf The computation of SE of logit y from SE of P is not exact, but

sufficiently accurate for practical purposes.
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Fig. 11.13 Standard Curve (Error in In X from error in logit y)
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2.17. Plot of fitted standard curve

To convey the significance of the standard curve in Fig. 11.12
more clearly, it is helpful to transform it slightly. The most
important question that is asked about the "quality" of the
standards results is whether the points are close to the curve. To
answer this question quantitatively, one can read off from the curve
in Fig. 11.12 the apparent analyte concentration X corresponding to
the mean counting rate (or mean logit) for each standard, and
determine by what percentage the apparent X differs from the true
X. Thus one can calculate

. apparent X - true X
true X

Example: In Fig. 11.13 (a copy of Fig. 11.12) the
apparent X for the first point is read off the
curve:* In X = 0.56, therefore X = 1.76.
The true X, known from the amount of standard
added to this specimen, is X = 2.00. Hence

Y = 1'7̂ -02-00 x 100 % = -12 %.

A second and related question is how much error in analyte
concentration would be associated with the uncertainty in the
normalized counting rate (P) on each standard. To answer this
question, one can find how much the apparent X shifts when P shifts
by 1 SE (corresponding approximately to the half-length of the error
bar on the plotted points).

Example: In Fig. 11.13 the apparent X for the top of
the error bar on the first point can be read
off the curve: In X = 0.30, X = 1.35. Thus 1
SE on the counting rate corresponds to an X
range of 1.76 - 1.35 = 0.41, or a CVM of X
equal to

U» *T L i r\r» °/ _ 1*5 <V-—•=-? X 100 /<, - 23 %.
1. /D

The calculator performs the above transformations to find Y and

It is not actually possible to read the curves visually with
the accuracy here implied; this is one more reason for
transforming Fig. 11.12 before plotting it for the analyst's
inspection.
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Pig. 11.14 Standard Curve (as plotted by calculator)
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CVM of X for each standard point and then draws its distinctive plot
of the standard curve.

Example: Fig. 11.14 shows how the calculator finally
plots> the standard curve of Fig. 11.13, namely
logit** vs. Y. The fitted curve is
represented by the vertical line at Y = 0,
since if any point fell exactly on the curve
in Fig. 11.12, it would have

apparent X - true X = 0.

The actual points straddle this line, showing
by what percentage the apparent X of each
standard differs from the true X. The error
bar on each point is +_ 1 CVM of X, this CVM of
X being the reflection of the expected CVM of
the normalized counting rate P.

The analyst thus has the standard curve displayed to him in its
most useful form. A perfect fit corresponds to the vertical line.
Departures from perfection (reflecting either random or systematic
error) are expressed as a percentage error in apparent X (the
quantity that matters to the analyst), as are the error limits.
Numerical values of discrepancies between the actual points, their
error limits, and the fitted curve can be read to about 1 % at a
glance.

* The numerical value of the logit, which is of little interest
to the analyst, has been linearly shifted before plotting so
that the shifted values cover the range 1 to 9. The following
relationships, for example, obtain:

shifted logit
1.00
5.00
9.00

Values of y outside the arbitrarily chosen range 0.05-0.95 are
considered to be unreliable (P too near to the zero-dose or NSB
counting rates), and are not used in the analysis. The reason
for shifting the logit scale is to provide more convenient
numbers when manually adjusting the shape of the fitted curve
in the unusual situation when this is necessary (see Section
V.4).
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*2.18. Variance-ratio test

This test quantifies the "goodness of fit" of the fitted
standard curve to the standards points. (The JL test in Section
2.15 is a special case of the variance-ratio test.) The values of
the standards points scatter about the fitted curve. However, each
standard point is the mean of results on replicate tubes that also
scatter with respect to each other. The variance-ratio test is an
assessment of the probability (p) that the observed scatter in the
replicates underlying each standard point could cause the means of
the standards to scatter as much as observed with respect to the
fitted curve, even if the population means for each standard were
exactly on the fitted curve. If the probability is reasonably high
(perhaps p>5 %), there is no compelling evidence that the curve and
points are inconsistent with each other. If the probability is low
(perhaps p<0.3 %), apparently there is very likely an inconsistency.
Perhaps one point is far removed from the fitted curve (an
"outlier"), in which case it could be discarded and a new curve fit
to the remaining points. Alternatively, perhaps the points actually
describe an arc rather than a straight line, reflecting a systematic
departure of the points from the fitted curve. In this case,
consideration should be given to adjusting the shape of the fitted
curve. (The methods for doing so in these programs are described
later in Sections V.3 and V.4.)

A table of values for the variance-ratio test, in simplified
form as appropriate to this special case, is given in Appendix 3.
In using it one needs numerical values for 2 quantities: F and the
variance ratio, V.

F refers again to number of degrees of freedom; it is equal to
the number of standards points (including the zero-dose and NSB
standards) minus 4 (a reduction of one for each of the fitted
constants a, b, c, d). V (in qualitative language) is the ratio of

Another name for this test is the F-test, a name not used in
these notes in order to avoid confusion with the symbol F that
means number of degrees of freedom.
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the amount of scatter of the mean standard points about the fitted
curve to the amount of scatter of the replicates with respect to
their respective means. Given F and V, the table shows the
probability that a larger value of V might be found even if the
population of standards points exactly fit the curve.

Example: In the example of Fig. 11.14, F = 4, V = 0.6.
Such values of F and V correspond to a
probability of over 50 % that the means would
scatter about the vertical line at Y = 0 % by
at least this much even if the population
means for each of the standards fell exactly
on the line Y = 0. Obviously the analyst can
be satisfied that the curve fits the points as
well as can be expected in view of the amount
of scatter observed among the replicate tubes.

The calculator calculates F and V for the standard curve it has
derived, and distinctively "flags" any pair for which the
probability p in question is in the ranges 5 % - 0.3 %, or
0.3 % - 0 % (as in Fig.II.11). For p values greater than 95 % there
is no flagging in the variance-ratio test, as this circumstance
requires no action by the operator.

3. Summary of philosophy of data analysis in these programs

To permit achievement of the objectives of data analysis, an
obvious prerequisite is that suitable data be collected in the first
place. The nature of the data required by these programs will be
reviewed in Chapter IV, where instructions are given for organizing
the data in preparation for analyzing it. In general, it is
foreseen that the standard sources are analyzed, the standard curve
is constructed, and the results on unknowns are read off the
standard curve. It is assumed that either "bound counts" or "free
counts" are to be processed; the two types cannot be interspersed
among each other. While the programs can accommodate singleton
counting results, their ability to yield statistical insights is of
course largely lost in the absence of replication. Data on
supplementary sources, namely background and reference, are also
required as a check on counter performance.
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The assessment of the reliability of analysis of in-vitro assay
samples focuses on three issues (although these are not completely
separable): the integrity of the counter, the integrity of the
standard curve, and the integrity of the samples. However, it must
be recognized that not all types of error will be revealed by these
calculator programs in particular or even by data analysis in
general. For example, contamination of an unknown specimen by the
analyte being measured will not be uncovered by data processing of
the type considered here. What can in principle be revealed is
primarily inconsistency between observations and expectations, or
between present results and past experience, provided appropriate
data are available to allow comparison. These programs require that
certain types of experience be accumulated, and provide tests of
consistency therein. They examine both "within-assay" consistency
(i.e. the consistency of performance within a particular assay
batch) and certain aspects of "between-assay" consistency.
Supplementary programs will be available for testing certain other
types of between-assay consistency, in particular those that can be
checked if aliquots of "quality control pools" of serum containing
analyte at graded concentrations are measured in each successive
assay batch.

The integrity of the counter is monitored through a requirement
that a background source and a reference source be measured before
and after the standards and also before and after the unknowns.
This reveals whether background is stable, and whether the counter
gives reproducible results in repeated measurements on a single
active source. These tests can display consistency of instrument
performance both within each assay batch and also over a set of
successive assay batches.

The integrity of the standard curve is monitored first by the
variance-ratio test of goodness of fit of the observed standards
points and the fitted curve (Section 2.18). A second sort of
guidance on the soundness of the standard curve is its appearance in
the plot that the calculator automatically produces (Section 2.17
and Fig. 11.14).
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The integrity of the samples is monitored by measuring samples

in replication (e.g., as duplicates, or as triplicates) and then
analyzing the results statistically so as (l) to estimate the CVM
(Section 2.10) of each mean result and (2) to compare the magnitude
of the CVM actually observed among 'the replicates against the
magnitude expected on the basis of previous experience on this same
assay system. To give this comparison power, provision is made for
(1) the continuous automatic accumulation, as the analysis proceeds,
of the CV attributable to non-counting-statistics errors as
dependent on analyte concentration (thus the assembly of the RER
(Section 2.12) and imprecision profile (Section 2.13) on the current
assay batch), and (2) the continuous automatic comparison of the
currently observed scatter among replicates against that expected on
the basis of the RER found for previous assay batches of this type,
the consistency of current and past experience being tested by the
^C test (Section 2.15). This JC test has the special virtue
of being applicable both to the scatter on each individual set of
replicates and to the cumulated scatter on many or all sets of
replicates. Thus a single number (e for all standards) reveals to
the analyst whether or not the entire set of standards was "under
control" so far as random errors were concerned, and another single
number (e for all unknowns) provides the same information for the
entire set of unknown specimens. If either or both was "out of
control", other e values for groups of replicate sets or individual
sets reveal what specimens were affected and how seriously. In this
way, and with no labour on the analyst's part, he can identify
outliers and see through the "waves" caused by random statistical
fluctuations so as to determine if there is a "tide" of assay
variability underneath, and if so, how large.
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Chapter III. HP-41C Calculator and Its Use

The HP-41C (more exactly, the CV version of the HP-41C) is the
most powerful programmable pocket calculator available as of early
1981. Its design emphasizes flexibility in two respects: the
possibility of attaching various accessory devices, and the
possibility of adapting the calculator itself so as to optimize the
memory and keyboard configuration for the purpose at hand. Because of
its power and flexibility, it naturally requires a closer study than
do simpler calculators if its capabilities are to be fully exploited.
However, the user of these programs, as distinct from the programmer,
need concern himself with only a very small fraction of the
calculator's capabilities.

The calculator and each accessory device is accompanied by an
"Owner's Handbook", giving detailed instructions in the care and use
of the calculator system. They were written for the ordinary user,
not just for the specialist. Therefore do not be afraid that they
will be unintelligible. On the other hand, do not be discouraged if
you have to read many parts more than once in order to comprehend them
fully.

The purpose of this chapter is to introduce all those features of
the calculator whose understanding is essential for use of these
programs. The operator must learn the following:

(1) how to care for the calculator system - i.e.,
how to use it without damaging it;

(2) how to connect together its modular parts;

(3) how to perform elementary operations without a stored
program;

(4) how to make use of stored programs.
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Fig.III.l
Care of Calculator System

1. Always turn off the calculator, printer, or Optical Wand before
connecting to or disconnecting from each other or other
accessories.

2. Do not insert your fingers or any objects other than an HP module
or plug-in accessory into any input/output port.

3. Keep a cap on each input/output port whenever no module or other
accessory is plugged into it.

4. Protect the calculator system (including magnetic cards) from
unnecessary exposure to dust and moisture. Keep it covered in a
dry place when not in use.

5. Do not use any liquids to clean contacts or ports.

6. Be sure the battery is in the printer before attaching the
battery-charger to the printer.

7. Avoid prolonged drain on the batteries after they have become
discharged; do not allow them to remain in a fully discharged
condition even if not in use.

8. If the keyboard loses control of the calculator, remove the
battery for a few seconds and then replace it; should this not
restore control, remove the battery again for minutes or even
hours before replacing.
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1. Care of calculator system

Some of the advice from the Handbooks regarding care of the
calculator system is summarized in Fig. III.l. Heed it.

Loss of keyboard control, referred to in the last point, occurs
seldom if ever provided the calculator is used in the manner
prescribed by the manufacturer. Such a loss of control can show up in
various ways: failure of calculator to respond when switched on (or
off), display of meaningless symbols, reassignment of keys (e.g.,
rightmost column of keys performs functions normally assigned to
leftmost column, such as key for digit 6 performing addition).

2. Assembly of calculator system

The assembled calculator system as it is foreseen for most of the
operations of Chapters III - VI is described in Fig. III.2a.

For some purposes, variants of this system may or should be
used. In particular: (1) for Section 3 of this chapter neither card
reader nor printer is necessary, and (2) if and when programs are to
be read into the calculator from bar-code, the Optical Wand must be
substituted for the magnetic card reader (Fig. III.2b).

Be sure that the connectors are inserted right side up (flat
surface up, stepped surface down) and pushed fully into the respective
sockets or "ports".

3. Operation of calculator without stored program

While the emphasis of these notes is placed entirely on the use
of the programs, the operator should also be able to perform certain
elementary operations via the keyboard of the calculator. Nearly all
of the information needed for this purpose is contained in the
Calculator Handbook, Sections 1 and 2, and parts of Section 3. This
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Fig. III.2a

Assembly of Calculator System
(with Magnetic Card Reader)

1. Calculator
HP-41CV, or
HP-41C with Quad-RAM in Port 1

Battery (preferably rechargeable) installed
2. Magnetic card reader

Latched to calculator (pushed into Port 4)
3. Printer

Battery installed
Plugged into calculator (plug with flat surface up_,

stepped surface down, pushed firmly into Port 3)

Fig. III.2b
Assembly of Calculator System

(with Optical Wand)

1. Calculator (as in Fig. III.2a)
2. Optical Wand

Plugged into calculator (plug with flat surface up,
stepped surface down, pushed firmly into Port 4)

3. Printer (optional, as in Fig. III.2a)
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section of these notes explains the specific features that the
operator must understand before proceeding to operation with stored
programs. However, it is recommended that early in the use of the
calculator, at least the first 3 Sections of the Calculator Handbook
be studied.

3.1 The "operating keys"
Immediately below the calculator's display are 4 so-called

"operating keys", labelled ON, USER, PRGM, and ALPHA.

ON

USER

To turn on the calculator, press this key. To turn it
off, press this key again. Note, however, that the
calculator has a "continuous memory"; all programs and
data in the calculator at the moment it is switched off
will be at your disposal when the calculator is
switched on again.

Pressing this key alternately puts the calculator into
or takes it out of USER mode. It is in USER mode when
the "annunciator" USER shows up near the bottom left
corner of the display. This key controls one of the
most distinctive features of the HP-41C: it allows the
keys to be assigned different functions from those
written on them, according to the convenience of the
user. Two types of function are of interest in these
notes: (l) those built into the calculator or an
accessory but not normally assigned to a key (e.g., the
function CLP referred to in Section 4.3 of this
chapter) and (2) functions entered into program memory
(e.g., the functions making up the programs that are
the subject of these notes). When the calculator is
not in USER mode, the keys have the functions that are
written on them; when it is in USER mode, the keys have
the user-assigned functions, or in the absence of such
assignments, their normal functions. A further point
should be noted: when long programs are stored in the
calculator, the calculator may respond to the top two
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rows of keys only after a delay of a few seconds if In
USER mode; to avoid such delays for normal functions,
switch out of USER mode.

Pressing this key alternately puts the calculator into
or takes it out of PRGM (program) mode. It is in_ PRGM
mode when the "annunciator" PRGM shows up near the
lower right corner of the display upon pressing this
key. A programmer puts the calculator into PRGM mode
when he wishes to key in a program or to alter a stored
program. Do not ever press this key while using the
forthcoming programs; if you did so and thereafter
pressed a key on the regular keyboard, you would alter
the program.

Pressing this key puts the calculator into or takes it
out of ALPHA mode, as shown by the "annunciator" ALPHA
at the bottom right corner of the display. In one
particular but rare circumstance, as later described,
this key is used in operating these programs.

3.2 The keyboard keys
These keys include all the keys except the 4 "operating keys".

Each key may serve several purposes, according to (1) which mode the
calculator is in (USER, PRGM, ALPHA, or "normal" mode, i.e. none of
the foregoing three) and (2) whether or not the) key
(gold-coloured key) is pressed immediately before the key in question.

the
In normal mode, the white label on the top face of the key or, if

key is first pressed, the gold label above the key,
describes its role.

In USER mode, the role of each key (whether or not preceded by
the SHIFT! key) is the same as in normal mode, except if a different
role has been assigned to that key.
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., the role of ±he key when not preceded by the \SHIFT!
key is „given by the blue label on the front face of the key. The role
of ̂±he Jfceys in jMäüA anods .when -piœceded by the [SHIFTl key is described
-~im.:1rh-e rsHandlyook*, -rs-utrh Ice-yrng srperati-ons Tare -not necessary in using the
programs described in these notes.

The keys are identified in the Handbook and in these notes either
by the label on them or by a numerical "keycode" giving first the row
number, then the column number. The "shifted" key (i.e., the key
preceded by the [SHIFT]key) is designated in the keycode by a minus
sign. Thus the |LN[ key has the code number 15 (row 1, column 5),
while the | eX key ( [SHIFT| JLN| ) has the code number -15. The
digit zero (0) is key 82.

3.3 Clearing operations
Several procedures are available for "clearing", or erasing, data

or programs stored in the calculator; 3 of these are needed for the
elementary use of the calculator described here.

The "master clear" operation erases all the information stored in
the calculator and returns it to a standard starting condition.
Follow these steps on your calculator: turn calculator off, hold down
the "correction key" 1<— I (i.e., key 44), press and release the ON
key, release key ̂ — I . The display shows MEMORY LOST, confirming that
the master clear has been executed.

The key sequence |SHIFT) |CLX| (key -44) erases the display. Try
it now: MEMORY LOST is erased and 0.0000 is left in the display.

The correction key[̂ ~J also erases the display - or, in the
midst of a keying operation, the last entry into the display (as shown
shortly). Perform the master clear again, and erase MEMORY LOST
with|<—1 .



Ill - 11

3.4 Keying in digits
To key in a positive number, press in turn the appropriate digit

keys (and decimal point, if called for):

Keystrokes
30.6593

Display
30.6593

Now clear in turn the 2 most recently entered digits with

Keystrokes Display
30.659_
30.65

(This correction key thus permits you to erase a keying mistake, then
to continue if you wish by keying in the remaining correct digits.)
Now clear all that remains with JSHIFTJ JCLXJ :

Keystrokes
I SHIFT! ICLX!

Display
0.0000

Practice entering digits and clearing them individually with
altogether with [SHIFT] |CLXj.

or

To key in a negative number, first key in the number as above and
then make it negative with |CHS| ("change sign", key 42).

Keystrokes
30.65
(CHS i

Display
30.65_
-30.6500

Note: The subtract key ( | - | , key 51) is not used to key in a
negative number; it subtracts, as shown shortly. (It will give the

only when it subtracts the number in questionsame result as
from zero.)
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3.5 Keying in letters
To key in letters, first put the calculator into ALPHA mode by

pressing operating key [ALPHA]. (The ALPHA "annunciator" is thereby
turned on in the lower right corner of the display.) Then key in the
letters as shown in blue on the front face of the respective keys.

Keystrokes Display
-30.6500

[ALPHA]
ABC ABC_

[ALPHA] -30.6500

Note that upon switching back to normal mode (by pressing ]ALPHA] the
second time), you recover in the display the number that was displayed
before you entered ALPHA. If you return to ALPHA mode, you will see
the letters just keyed in.

Keystrokes Display
-30.6500

[ALPHA] ABC

Clearing the display in ALPHA mode is performed exactly as in
normal mode: while in the midst of keying in, clear the last letter
with [v;_-]or the whole message with [SHIFT] [CLAJ (key -44); otherwise
either operation clears the whole message.

3.6 One-number functions
One-number functions are those that must have one number present

in the calculator in order for the function to be performed. Key in
the number (make sure the calculator is no longer in ALPHA mode before
doing sol), then press the relevant function key or sequence of keys.
Here are some examples of one-number functions:
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Keystrokes

10

72

[LOG]
[SHIFT]
CHS1

X

Display
10_
0.1000
0.0100
100.0000
2.0000
7.3891
-7.3891
DATA ERROR

(The last function attempted, taking the square root of a negative
number, is not legitimate - as the calculator tells you.)

3.7 Two-number functions
Two-number functions must have 2 numbers present in the

calculator in order for the operation to be performed.

Before performing such a function, you must first learn how to
key in 2 numbers in succession. You accomplish this by pressing
the [ENTER] key between the 2 numbers:

Keystrokes
15
{ENTER]
5

Display
15_
15.0000
5

(Note that if you failed to press [ENTER] you would succeed only in
entering one number, namely 155). Both numbers 15 and 5 are now in
the calculator, but only the last one is displayed.

To perform a two-number function:
(1) key in the first number
(2) press [ËJJTÊR]
(3) key in the second number
(4) press the relevant function key



Ill - 17

Keystrokes
15

I ENTERI
5

1 +

Display
15_
15.0000
5_
20.0000

Repeat this sequence of steps, but instead of the function
key [+] , now use | - | . Repeat with | K[ . Repeat with (f |.

A chain of calculations requires simply the execution of a
succession of two-number functions. For example, in calculating
(17-5) x 4, the result of the first calculation 1 7 - 5 (namely 12)
resides in the calculator and serves as the first number for the next
two-number function:

Keystrokes
17

I ENTER
5
H
4

Display
17_
17.0000
5_
12.0000
4_
48.0000

3.8 The "automatic memory stack"
The "automatic memory stack" (or simply "stack") permits you to

enter up to 4 numbers in succession into the calculator. You have
already made use of the stack in executing two-number functions: the
first number keyed in was no longer visible after you keyed in the
second, but it was nevertheless available for use. In the terminology
of the HP-41C, when you key in a number, it resides in the "X
register". After you have pressed |ENTER) and then keyed in the
second number, the second now resides in the X register and the first
has been pushed "up" into the "Y register". This stack is a
distinctive and powerful feature of the logic system of the HP-41C,
and simplifies many calculations (such as chain calculations in
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particular). It is described in more detail in Section 3 of the
Calculator Handbook. For present elementary purposes, it is
sufficient to recognize that the stack allowed you to enter 2 numbers:
the first number was pushed out of the X register (and out of sight)
by the second number, but it was not lost thereby from the calculator.

3.9 Display
The display can be manipulated in various ways, as reviewed in

the Calculator Handbook, Section 2.

Numbers can be displayed in 3 different formats: fixed decimal
point, scientific, or engineering format, of which only the first is
used in the forthcoming programs.

All numbers are stored in the calculator with 10 significant
figures, but normally it is a nuisance to have all of them displayed.
You can select the number of decimal places to be displayed by
keying ; SHIFT] [FIX| (key -72) and then one digit of your choice.

Keystrokes Display
9 9-

](key -15)* 8103.0839
8103.084
8103.08393
8103.0839

Note that the number is shown rounded to the last decimal place
displayed (e.g., 8103.0839 is rounded to 8103.084 if only 3 decimal
places are displayed).

Another feature of the display is its use to show the role of any
key that is pressed. In particular, for the keys that perform
functions, if you hold the key down you see displayed the name of the
function. If you release the key sooner than about 1 second, the
function is thereupon executed. However, if you hold it down longer,

Remember from Section 3.1: in USER mode, the calculator may take
several seconds to respond to the top 2 rows of keys.
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the function name is replaced by NULL, whereupon releasing the key
does not cause the function to be executed.

Keystrokes Display
10 10_
)l/x| 1/x—>0.1000 if released promptly

—>NULL if held down for
about 1 sec and then
10.0000 when released.

Try this with other functions, such as
SHIFT! _?], | LOG) , FLN] , FSHIFT} [7e, - . f+1 .

This feature is especially useful in USER mode, since it permits you
to see what function has been assigned to any key without having to
execute that function.

3.10 Review
You have now learned all the operations you will need for using

the calculator without a stored program. Review these operations now.

4. Operation of calculator with stored programs

The use of stored programs will now be illustrated with the aid
of a "training program". This training program performs a set of
trivial functions (namely the 4 arithmetic operations +, -, x, T ), so
that what you will be calculating contains no mysteries. However, it
illustrates the "machinery" for controlling the calculator that has
been adopted for the in-vitro assay programs. These latter programs
control a rather complicated data analysis task: they must guide the
operator through the steps of the analysis, yet allow him to take
initiatives when he wishes to do so; they must also invite him to key
in relevant data, and provide an easy means for correcting erroneous
entries. The "machinery" to handle all these options without wasting
precious memory space in the calculator cannot itself be trivial. The
system chosen is in no sense unique, but it serves its purpose.
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4.1 Programs and functions
The calculator can carry out a set of calculations automatically

if a suitable program or set of programs is stored in its memory. A
program is a group of instructions in the "language" the calculator
understands. In the case of the HP-41C the first step of a program is
normally a label (LBL) that identifies the particular program, and the
last is the instruction END. A set of programs is simply a group of 2
or more programs, stored one after another in the memory. When the
calculator is being prepared for a particular type of analysis, the
relevant programs must be entered into its memory one after another,
normally from magnetic cards or bar-code charts, as explained in the
Handbooks. If there are already programs in the program memory, it
may be necessary to clear out one or more of the old programs to make
space for the new. Thus the operator may have to enter and clear
programs, and in doing so he must handle them as intact units; it is
not-useful to enter or clear only a part of a program.

When the calculator is performing analyses, however, it is
capable of using one or all, or parts of one or all, of the programs
resident in its memory. While using the calculator, the operator is
not even aware which or how many programs are in the calculator, but
instead he knows that the calculator will carry out certain Functions.
It is these Functions, which make use of subroutines scattered through-
out the program sets, that are explained in a logical order in the
following chapters« (While it would be possible to have one separate
program for each separate Function, this arrangement would waste
program memory space and would be impractical when the calculator is
to provide many Functions as in the data processing here foreseen.)

The training program is actually a set of programs, namely
*Program AR and Program T. This program set provides the operator

with 4 Functions, namely SB (subtract), DV (divide), AD (add), and ML
(multiply). The programs cannot be used when the printer is not
attached to the calculator. If you forget to attach the printer, the
calculator will display NONEXISTENT when the program first calls for
use of the printer. If you forget to switch the printer on, the
display will read PRINTER OFF.
•« To aid the memory: AR = arithmetic
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Fig.III.3a
Configuring Calculator for Training Program

(Using Magnetic Cards)

Operation

1. Master Clear
(see Section
III.3.3)

2. Read magnetic
card STATUS AR

3. Read
PROGRAM AR

Action

Turn off calculator

Press and release ION]

Feed into slot, at right
edge of card reader,
end No.l of magnetic
card STATUS AR,
white face of card
toward you

Feed into card reader
end No.2 of card STATUS AR

Feed into card reader
end No.l of card
PROGRAM AR

Feed in end No. 2

Feed in end No. 3

4. Introduce
separator
before next
program

LSHIFTJ
[GTO]

n

5. Read
PROGRAM T

Feed in card PROGRAM T

Display

MEMORY LOST

(After a delay of a
few seconds:)
RDY 02 OF 02
(indicating calculator
ready for second of
the 2 sides required
to establish STATUS)

0.0000

RDY 02 OF 03

RDY 03 OF 03

WORKING
(and after a few
seconds)
0.0000

0.0000
GTO——
GTO.——
PACKING
(and after a few
seconds)
0.0000

WORKING
(and after a few
seconds)
0.0000
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4.2 Basic ideas in configuring the calculator
Before the calculator can perform with the programs, it must be

properly set up so that: (1) its memory is suitably partitioned
between program space, data space, and key assignment space,
(2) standard calculator functions are assigned to specific keys (if
desired), (3) various internal settings (e.g., flag settings) are
made, (4) all programs are stored in its memory, and (5) particular
Functions in the stored programs are assigned to keys. Establishing
these conditions is here called "configuring" the calculator. It is
all accomplished in a very simple manner, but first some explanations
are necessary.

With regard to task (1) above, it may be noted that the memory
"registers" (320 in number) can hold programs, data, or key
assignments, but their apportionment among these 3 roles must be fixed
by the operator. Each program occupies a certain number of registers;
more precisely, it occupies a certain number of "bytes", with each
register consisting of 7 bytes. Thus a program containing 353 bytes
would occupy 50 full registers and 3 of the 7 bytes of a 51st register
(i.e., 50 x 7 + 3 = 353). Furthermore, each program set makes use of
a certain number of "data registers" in performing its calculations.
The number of registers allocated as data registers is called the SIZE
of the memory configuration. Finally, key assignments of normal
calculator functions (those built into the calculator, such as CLP -
see Section 4.3) occupy registers. One register is consumed by 1 or 2
assignments, 2 registers are consumed by 3 or 4 assignments, etc. It
is possible to store and use in the calculator at any one time any
combination of programs or program sets for which the sum of the
number of program registers, the SIZE they require, and the number of
key-assignment registers is equal to or less than 320. If it were
desired to add a new program that would bring the total above 320
registers, then one or more of the currently resident programs would
have to be cleared out to make room for the new.

These tasks in configuring the calculator can be performed in 3
different ways. When done for the first time (by the programmer),
they must be accomplished step by step through the calculator keyboard
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Fig. III.3b
Configuring Calculator for Training Program*

(Using Optical Wand and Bar-Code from Appendix 4)

Operation
1. Master clear

(see Section
III.3.3)

2. Read status
information for
PROGRAM AR

Action
Turn off calculator,
hold

releasepress and
release
Scan with Wand
SIZE 17
SF 27

ASN CLP 11

Display

MEMORY LOST

0.0000
0.0000 (USER annunciator

appears)
0.0000

3. Read PROGRAM AR

4. Introduce
separator
before next
program

Scan wand over
each row in turn
of bar-code for
PROGRAM AR

W: RDY 02, etc.
At end, WORKING
(and after a few
seconds)
0.0000
0.0000
GTO—
GTO.——
PACKING
(and after a few
seconds)
0.0000

5. Read PROGRAM T Scan Wand over
each row in turn
OF PROGRAM T

W: RDY 02, etc.
At end, WORKING
(and after a few
seconds)
0.0000

** Before using Optical Wand for the first time, read at the beginning of the
Wand Handbook how to hold, switch on, and scan Wand, how to identify acoustical
tone signifying successful or unsuccessful reading of a row, how to protect
bar-code with transparent plastic sheet.
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- a laborious operation for long programs. However, upon completing
this job the programmer can record the entirety of this information on
magnetic cards via the card reader, or arrange for it to be printed as
bar-code. The user can then perform his configuring simply by reading
the magnetic cards back into the calculator through the card reader,
or the bar-code with the aid of the Optical Wand. These notes assume
that either magnetic cards or bar-code are used. The programs encoded
as bar-code are given in Appendix 4.

In the case of magnetic cards, the first 3 configuring tasks are
accomplished all at once by reading into the calculator the STATUS
card belonging to the particular set of programs; the last 2 tasks are
then accomplished together by reading in the PROGRAM cards
themselves. In the case of bar-code, the same 5 tasks are
accomplished in turn by reading the bar-code in the sequence in which
it is printed: STATUS information preceding the first program of the
set, then the programs themselves.

4.3 Configuring calculator for training program
The specific steps required to configure the calculator for use

of the training program are summarized in Fig. III.3a (when you are
reading the programs from magnetic cards) and in Fig. III.3b (reading
programs from bar-code in Appendix 4). Now assemble your calculator
system (Fig. III.2a or III.2b) and carry out the steps of Fig. III.3a
or III.3b. Notice how the display informs you as to the current
condition of the calculator, for example that memory has been lost,
that the calculator is ready for STATUS magnetic card side 2 (out of a
total of 2 sides) or for bar-code row 2, etc., that it is WORKING or
PACKING (internal housekeeping operations for whose completion you
must wait), etc. The operation!SHIFT( [cio] fT] [7] is required to
separate programs (somewhat as ENTER is used to separate numbers
entered via the keyboard). If it is omitted, the first program will
be erased when the next program is read in.

When reading in a program, you may occasionally find that an
error message is displayed, indicating that the intended read-in
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Fig. III.4
Training Program: Configuration of Calculator

CflT !
LBl'QR
EM m BYTES
LB!.TT
LBL'7
LBL'S
LBLT9
.END, 83 BYTES

STOTUS:
SIZE= 817
USER KEVS
11 CLP
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operation was not successfully accomplished. (These error messages
are described in the Handbooks: Appendix B of Card Reader Handbook,
Appendix A of Wand Handbook.) You must repeat the last operation. In
the case of magnetic cards, it is often useful before feeding them in
again to wipe them gently with a clean cloth.

A description of the calculator's present configuration is shown
in Fig. III.4, consisting of 3 parts: CAT 1 (meaning Catalog 1),

"itSTATUS, and USER KEYS. CAT 1 can be printed out as follows: (l)
set printer mode switch to TRACE (this is the only circumstance in
these notes where printer mode is not MAN), (2) key [SHIFT)
JCATALOGJ 1. CAT 1 summarizes the programs in the memory, and the
number of bytes each occupies. The program starting with LBL AR and
ending with END occupies 309 bytes; program LBL T to .END. occupies an
additional 83 bytes. Altogether 392 bytes or 392/7=56 registers are
occupied by programs.

STATUS gives the SIZE (number of data registers, namely 17) of
the configuration.

USER KEYS gives the key assignments. One of these assignments
(CLP) is a function built into the calculator system, and ties up 1
register. The second assignment, Function AR, is the training program
itself; it is not a built-in function, and therefore its assignment
consumes no register space. Thus altogether 56 + 17 + 1 = 74
registers have been consumed out of the 320 available.

The function CLP (Clear Program) allows any individual program
to be cleared out of program memory (when the operator does not wish
to erase the entire memory with the master clear operation); its use
will be demonstrated shortly. The Function AR is the training program

*!f You are not given full instructions here on how to print STATUS
and USER KEYS, as these operations are not essential. The
Handbooks will tell you how: PRFLAGS (Printer Handbook p.24) and
PRKEYS (Printer Handbook p.25), executed from the display
(Calculator Handbook p.57). Note that the PRFLAGS operation in
Fig. III.4 has been terminated prematurely by pressing fe/s|
just before SIZE was printed.
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itself, which can thus be brought into action by pressing this key.
Remember (from Section 3.9.) that you can see in the display the role
of a function key without executing that function if you hold the key
down about a second until NULL replaces the function name. ( CLP is
not thus nullified, as the function is anyway not executed until you
additionally key in the name of the program to be cleared; if you do
not wish to proceed to clear a program, clear CLP_ out of the display
with the correction key|<~~]. )

Now use CLP to clear Program T out of the memory (as you would do
if you needed more space for another program). The procedure is as
follows :

Keystrokes Display

[CLP] (LEL±! ) CLP_
[ALPHA.] (ALPHA annunciator appears)

T (key 54) CLP T_
[ALPHA] CLP T

(after a few seconds:)
PACKING
(after a few more seconds,
the original contents of the
X register)

Note (Section 3.5) that you spell in the name of the program by
*entering ALPHA mode and keying in the letters ; the function is

executed when you signal that you have completed spelling the name by
keying JÄLPHAJ the second time (to exit from ALPHA mode). Confirm
that Program T has been cleared by performing [SHIFT[ [CATALOG] 1
again (printer in TRACE mode); Program T is now missing from the
printout.

Now clear out Program AR; you proceed exactly as for Program T,
except that instead of spelling in T you spell in AR.

This is the one circumstance referred to in Section 3.1 where the
keying in of letters is required.
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Fig.III.5
The 2 Rules and 3 Principles

Rule 1. To initiate a set of functions, press the calculator key to
which the set has been assigned.

Rule 2. For all other actions respond to the message in the
display. Thus calculator proposes, operator disposes.

Principle 1. The proposals are of only 3 types :
(1) request for data to be keyed in (with = sign)
(2) suggestion for a card reader operation"*:

to read data from a card (CARD)
to write data on a card (e.g. RDY 01 OF 01)

(3) suggestion as to route of analysis (any other
proposal without = sign)

Principle 2. In "disposing", the operator has only
2 choices: reject proposal or accept proposal.
These are accomplished as follows:

Proposal Reject__ Accept
(1) to key in data Press |R/s] Key in data,

press [R/S|

(2) card reader Press |R/S|, JR/SJ Feed in card
operation

(3) route of Press JR/S| Key any digit,
analysis press [R/SJ

Principle 3. The sequence in which the proposals are
presented is shown on an accompanying chart called the
"route map".

There is also a fourth type of message, namely an error message
(e.g., DATA ERROR, OUT OF RANGE), as described in the Calculator
Handbook, Appendix E. If you generate an error message by
incorrectly operating the calculator, you must start the
calculation anew.

car(j reader is not attached to the calculator, this class
of proposal will not be displayed.
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Finally, again configure the calculator for the training programs
by repeating the full operation described in Fig. III.3a (or b).

4.4 Operation of training program
Assemble the calculator system as in Fig. III.3a, i.e., with card

reader attached. In using the training program you will learn almost
all the procedures you will later need in order to operate the
in-vitro assay programs. Underlying the entire operation of all these
programs are 2 rules and 3 principles; when you keep these in mind you
will have to remember little else in interacting with the calculator.
To prepare the ground for their introduction, however, first use the
training program to perform subtraction by blindly following the steps
of Fig. III.7. (Ignore for the present the last 2 columns.) The
problem is the following:

6 Minuend (MND)
-_k_ Subtrahend (SND)
2 Difference ( D )

Be sure that the calculator is in USER mode, and that the printer
is on and in MAN mode. Now follow the keystrokes shown in Fig. III.7
to subtract 4 from 6 on your calculator. Do not perform any keying
actions while the calculator is occupied with a calculation, i.e.,
while the "goose" symbol is "flying" across the display. Among some
other steps, about which you will learn shortly, the type of
calculation was noted by a headline, then you were asked to supply the
input data (which were immediately printed out as a record of what you
actually keyed in), and finally the result was printed.

4.4.1 The 2 rules and 3 principles
The 2 rules and 3 principles that are to guide operation of the

calculator with stored programs are given in Fig. III.5. Study them
now.

The meaning of and reason for these rules and principles will
become clear as you work through examples. Many of them have been
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Fig. III. 6
Route Map: Training Program

AR] (key -lü

MND=
(Minuend)

SND=
(Subtrahend)

DV
(Divide)

\ f

~ * v AD
(Add)

> l

ML
(Multiply)

CARD
(Read mag.card)

1

PL=
(Protocol #)

N = [2-5]
(# of terms)

ADNDn=
(Addend

RDY 01 OF 02
(Write mag.card)
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illustrated already by the example of Fig. 111.7, as noted in its last
2 columns. The fundamental idea is that, except for your first action
to activate the program set, all your actions must be a response to a
message in the display. The calculator carries the initiative; you
only answer its proposals. However, among your answers can be
rejection of a proposal, whereupon the calculator will offer a
sensible alternative. By this means you are able to assert your
broader vision in abnormal circumstances, yet are freed from the need
to keep track of routine details. Through it all, the "route map"
keeps you informed of where you are and where you are going.

4.4.2 Route map
The route map is simply a chart that shows you the sequence of

the calculator proposals. It also explains some of the- abbreviations
in the calculator's messages, and defines some of the ranges within
which your input data must lie. The route map for the training
program is shown in Fig. III.6; it is actually a composite of 5 maps,
one (at the top of the Figure) permitting selection of the arithmetic
function of interest and one for executing each of the 4 functions.
Since the map for divide is essentially identical to that for
subtract, its details are omitted to simplify the figure. Similarly,
the map for multiply is essentially the same as that for add, and its
details are omitted.

The rectangles contain the calculator proposals, to which the
operator must respond. (if his response must be confined to a certain
range of values, this range is given in brackets [ ] after the
proposal.) The circles indicate a few of the operations carried out
by the calculator between its proposals. The solid line emerging from
each box shows the route followed if the proposal is accepted, while
the dashed line shows the route followed if it is rejected. For
certain boxes there may be more than one such line: the route followed
depends on some additional condition (such as the value of n in
Function AD).

As an audio aid to the operator, a TONE signal precedes each
proposal by a fraction of a second. Do not respond immediately upon
hearing the tone - you must wait until the message is visible.
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The route maps for the individual functions will be explained
below as the respective procedures are introduced. However, explore
now the map describing selection of the Functions. Key |AR) (key -11)
(Rule 1), and the proposal SB is displayed. If you now reject it and
each succeeding proposal by pressing JR/S the 4 Functions will be
offered in endless succession, as the route map promises.

4.4.3 Subtraction (Function SB)
In performing this model Function you should learn (1) to

understand route maps and (2) to perform Functions in accordance with
the 2 rules and 3 principles.

The part of the route map corresponding to Function SB is shown
in Fig. III.6 below the box inscribed SB. After proposal SB has been
accepted, the following 2 proposals are requests for input of the data
required for the calculation, namely the minuend and subtrahend. The
last proposal, G05 is a proposal to terminate the calculation on the
basis of the data already entered and go on to the next Function. If
you are satisfied that the data were correctly entered and accept the
proposal GO (any digit, then .jR/Sj ), the result is calculated and
printed, and you are offered the next Function. However, if the
entries were not correct, you must reject GO ({R/Sj) and are then
taken back to the beginning of this Function. The route map of every
Function is constructed in such a loop, giving you the chance at GO to
return to any proposal (after a short chain of other proposals) to
correct an error you may have made in responding the first time.

To insure that you do not unthinkingly accept GO before
confirming that all data entries are correct, a special reminder has
been built into the "machinery". The audio announcement of GO is
distinctive: the 4-tone BEEP in addition to the TONE. The reason for
this special measure is that premature termination of a Function could
be a big nuisance. In the case of Function SB, the only route back
into it leads through the clearing of all data registers - you would
thus have to repeat all the data entries, an operation painless enough
if there are only 2 such entries, but very unwelcome for those
Functions having many.



Ill - 38

Fig.III.8
Tips on Errors in Keying

1. Think before responding to a proposal. It avoids errors.

2. Key only after you see the proposal (Rule 2), which appears about 1/2
sec after the TONE. The calculator is dead to all keys (except |ONj or
|R/S| ) until the "flying goose" is replaced by the proposal.

3. The act of keying clears the proposal from the display. If you need to
check it after keying, it can be found in the ALPHA register: press |ALPHA]
to see it, press JALPHAJ again to exit from ALPHA mode.

4. The worst error is to break into a running program by the keying
sequence: |R/S| , Digits , [R/S| . This introduces an unknown error. If you
do it, the calculator will abort the calculation at the moment the next
proposal is due: it displays OUT OF RANGE (a distinctive error message
unlikely to be generated by any other mistake), clears the proposal from the
ALPHA register (so that you cannot invoke Rule 2), and clears all data
registers. You must start again from the beginning (Rule 1).

5. Provide data in response to all requests for data, except that:
(1) any request preceded by "?" is optional;
(2) if the data item in question (along with all others in its group)
was correctly entered during a preceding loop through the Function, it
need not be entered again: the request may be rejected without altering
the old entry. (Note: as evident on certain route maps, a few requests
for data are associated in groups ; if any member of a group is to be
altered, all members must be keyed again.)

6. If, in response to a request for data, you key in an incorrect number
and recognize the error before pressing |R/S| , simply correct it with the
aid of\<—- |or JSHIFT] [CLX| . If you recognize the error after pressing
I R/S , enter the correct number on the next loop through the Function and
the new (correct) number will replace the old (erroneous) number.

7. If, in response to any route proposal, you key in a number when you
intended to reject the proposal, you cannot undo the keying action by
clearing the number. You can undo it by keying in a particular unique
number: e9 (9 JSHIFTJ | exj ). When you press |R/S| after keying e9,
the calculator knows you wish to reject the proposal.

8. Most errors you make in entering data cannot be recognized by the cal-
culator; it is not clairvoyant. However, it will refuse to accept certain
numbers outside the allowed range, and repeat its request rather than
proceed to the next proposal.

9. At any time you may invoke Rule 1 to correct an error: start over from
the very beginning of the Function set. Usually, however, it is much
quicker to correct a keying error and proceed.
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Now test your ability to perform Function SB in accordance with
the 2 rules and 3 principles by repeating the calculation of
Fig. III.7: 6 - 4 = 2 . If you make a mistake you can start again
from the beginning. Practice the example until you can do it by
reliance on the rules and principles alone, without reference to the
keystroke instructions in the first column.

4.4.4 Keying errors and their correction
Through failure to follow the rules and principles, or just

through carelessness, it is possible to make a variety of errors in
performing a Function on the calculator. Learning how to avoid, and
how to correct, such errors is best accomplished by consciously
exploring the generation and correction of errors in a simple context,
such as with Function SB.

Several suggestions that will help you to avoid or to correct
erroneous operations are collected as a reference in Fig. III.8.
Do not be frightened by the length of the list: many of these errors
you will not make anyway, the correction of most of them is quite
straightforward, and all can be avoided if you observe the first
suggestion.

With Function SB you can explore each of the points in Fig. III.8
except 5(1) and 8. Do so now to gain confidence in carrying out such
Functions on the calculator.

4.4.5 Division (Function DV)
This Function is a twin of Function SB. Instead of proposals for

minuend (MND=) and subtrahend (SND=), you are asked to provide
dividend (DVD=) and divisor (DSR=). The result of the division is
called the quotient (Q).

For example,

8 (DVD) =
2 (DSR)

Q4

Try out some sample problems, being guided by the 2 rules and 3
principles.
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4.4.6 Addition (Function AD)
This Function (and its twin, Function ML) makes use of all the

ideas introduced for Functions SB and DV, plus a few new ideas as
evident from its route map (under the box inscribed AD in Fig. III. 6):

"ft(1) The proposal CARD offers you the opportunity to feed in
all the necessary data for this Function from a magnetic card, as will
be demonstrated shortly. If you do feed in a card, the initialization
is complete and the next proposal is GO; all intervening proposals are
skipped as superfluous.

(2) The request PL= (PROTOCOL number = ) asks you to supply an
identifying number for the particular set of data about to be entered.

(3) Since in addition (or multiplication) the calculation can
involve an arbitrary number of "addends" (or "factors"), the
calculator asks you by the data request N= for the number of these
terms in the forthcoming calculation. It subsequently calls for the
input of the addends (or factors) in numerical order from 1 to N
(ADND1 =, ADND2=, etc. for addition, or FACT1=, FACT2=, etc. for
multiplication).

(4) Since the calculator can store only a finite number of such
terms, N may not exceed a certain upper limit. Moreover, fewer than 2
terms would be senseless. When the response is restricted to a
certain range of numbers, this range is given in brackets [ ] after
the = sign. For Function AD (and also for Function ML) the allowed
range for N is 2 to 5. In these Functions, if you key in a value
exceeding 5 the calculator repeats its request N=. You must now key
in an allowed value for N before proceeding. (This is one
illustration of point 8 in Fig. III.8.)

(5) When the Function requires many data entries, looping back
through it to correct an error could waste much time. Therefore

Note: The tone signal preceding this proposal has a distinctive
low pitch, reminding you that the response is distinctive, i.e.,
not via the keys« If the card reader is not attached, the tone
is sounded but the proposal is skipped.
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shortcuts are provided in such Functions. As the route map shows, if
you reject a request for an addend (or factor), the next request for
data is ?K=, where K signifies the index number of the term you want,
and the question mark signifies that providing an answer is optional
(Fig. III.8, point 5). Thus if you want ADND2 again, answer the
request ?K= by 2 R/S , and the following proposal will be ADND2=.
(The calculator will not accept a value for K that exceeds your
specified N; its next proposal would again be ?K=. This is another
illustration of point 8 in Fig. III.8.) As a second shortcut, if you
reject ?K=, the route jumps to the "card write" proposal RDY 01 OF 02,
now to be explained.

(6) When all the data have been correctly entered, the
calculator's registers are "initialized" for the intended
calculation. You are now invited by the proposal RDY 01 OF 02 to
record this information on a magnetic card (that is "unprotected",
i.e., that does not have its corners cut off). If this same
calculation is called for again, you may provide the data from the
card (as the answer to the first proposal, CARD) rather than by
keying. (Obviously, this is a frivolous procedure for a problem in
addition, but it can be a very useful procedure in the in-vitro assay
programs for which Function AD is a model.) This use of magnetic
cards will be demonstrated shortly.

(7) Finally, whether or not you accept or reject the proposal to
record the contents of the data registers on magnetic cards, the route
proposal GO is made. If you accept it, the calculation is completed
and the next Function is offered. If you reject it, the route loops
back to PL= to allow you to introduce corrections.

Now use Function AD to perform Protocol Number 0.021
(PL=0.021) , namely the addition of 2 terms (N=2) as follows:

Note: The tone signal preceding this proposal has a distinctive
low pitch, reminding you that the response is distinctive, i.e.,
not via the keys. If the card reader is not attached, the tone
is sounded but the proposal is skipped.

The program is so constructed that only the 3 digits to the right
of the decimal point will be recorded as the protocol number on a
magnetic card.
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Fig. III.9
Use of Training Program to Add (Example: 5+2=7)

Keystrokes Display Printout Rule Principle

AR (key -11)

R/S R/S

0.021

AR, then SB

DV

AD

CARD

PL=

N=

ADND1=

ADND2=

RDY 01 OF 02

ADAD ... AD

PL= 0.021

N= 2.000

ADND1= 5.000

ADND2= 2.000

1

2 1 (3)

2 2 (3) Reject

2 1 (3)

2 2 (3) Reject

2 1 (3)

2 2 (3) Accept

2 1 (2)

2 2 (2) Reject

2 1 (1)

2 2 (1) Accept

2 1 (1)

2 2 (1) Accept

2 1 (1)

2 2 (1) Accept

2 1 (1)

2 2 (1) Accept

2 1 (2)

[Feed in card
(end 1)]

[Feed in card
(end 2)]

3 [R/S]

RDY 02 OF 02

GO

ML

S7.000

2 2 (2) Accept

2 1 (2)

2 2 (2) Accept

2 1 (3)

2 2 (3) Accept

2 1 (3)



Ill - 45

5 Addend l (ADND1)
2 Addend 2 (ADND2)
7 Sum (S)

Full keying instructions for this sample problem are included in Fig.
III.9., but you may not need them. Be sure to label the magnetic card
on which you record the initialization data. Repeat the calculation
until you can do it without reference to the keystroke instructions;
beyond this point, detailed keying instructions will not be given. Be
sure to remember: in order to reject a card-reader proposal, you must
key JR/SJ twice.

Next, run through this problem again, exploring each of the
suggestions regarding keying errors as listed in Fig. III.8. Notice
in particular what happens if you key in N greater than 5 or K greater
than N (points (4) and (5) above, illustrating point 8 of Fig. III.8).

Now use the newly prepared magnetic card for initializing this
calculation. Start at the very beginning: key JAR (Rule 1), reject SB
and DV, accept AD. In response to the proposal CARD, feed through
the card (both ends in turn) on which you recorded the initialization
data. The identity of the card used (i.e., that part of its protocol
number to the right of the decimal point) is printed out, and since
all the required data are now stored the following proposal is GO. If
you accept GO, the calculation will be performed; if you reject it,
you are offered, as always, the opportunity to edit the data before
completing the calculation.

Now practice these card-writing and card-reading operations a few
times. You may use the same card, "overwriting" (i.e., replacing) the
data on it with each new example.

Note that the only method of providing data in response to CARD
is by reading in a card (as the proposal itself clearly implies);
if you try to answer by keying in data, the calculator will not
recognize such input.
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4.4.7 Multiplication (Function ML)
This Function is identical in execution to Function AD, except

that you are invited to enter factors (e.g., FACT1=) instead of
addends, and the result of the calculation is called the product (P).
Practice a few examples.

4.5 Review
You have now learned all you need to know about the calculator to

operate the in-vitro assay programs described in Chapter IV. Review
now any Section of which you are uncertain. As time allows, extend
your familiarity with the calculator system by reading further in the
Owner's Handbooks.
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Chapter IV - Analysis of In-Vitro Assay Counting Data
(No Irregularities in Data)

This chapter explains the complete analysis of a batch of RIA
samples when the data contain no irregularities. (The handling and
interpretation of irregularities are explored in Chapter V.) The
emphasis will be on examples of data processing, which you are invited
to follow step by step on your own calculator. However, the many
•operations that collectively make up these examples are based upon the
same 2 rules and 3 principles that underlie the training program (Fig.
III.5). Mastery of Chapter III is essential before advancing further
into Chapter IV.

This chapter proceeds in the following steps: (l) The set of
programs and Functions used in this chapter is described. (2) The
preparation of the calculator for the forthcoming analyses is
summarized. (3) The nature and organization of the standard and
"unknown" samples are described. (4) You are taken through a complete
analysis of a set of RIA data containing no irregular conditions.

1. Programs and Functions

In complete analogy with the arithmetic calculations of the
training program (Section III.4.1), the analysis of in~vitro assay
data is accomplished with the aid of sets of programs stored in the
calculator's memory which permit it to carry out sets of Functions.

*The RIA Program Set consists of 3 programs: IV, AM and L .
When all are present in the program memory together, they provide the
set of 5 RIA Functions that are used, one after another, in the
analysis of every assay batch. (In addition, they provide an
auxilliary Function, namely Function CP, as described in Chapter VI.)

To aid the memory: IV = in vitro, AM = analyze measurements,
least-squares fit.

L =



IV
 - 

2

-̂̂
W

 
W

r: -H
3

 
W

o 
>.

ß
 

rH
.v 

cd
x^ 

C
<$ 

£D
 

<£î
ÎID

 
v— • -'

,̂
in 

in 
p 

i ii

-gPbü
 

=

cu 
ß 

3
N

 
O

 
O

l^
 

ß
<-t 

ti ^
ri -p ß
ß 

cd 3
<

£
 

*Ö
 

E

IQ0)C5-C(Q

I s* 
T

TI
- 

' -* 
Eo

M

W§•H•PUCcaö•HPfCDü•P=1OK

l

'S
-o•H-PCÖN

03 
'H

Î5 
Cd

0
 
.H

5
 
£

M
 

tn
 M

»^
?  v

1•d
^

8
 Ä

°

•d
1
 

tu
 

cd
E

 
M

 w
 -p r

M
 
-H

 
-H

 
C

d
 ß

O
 

3
 

W
 rd

 
5

CM
 

ö* 
î>s 

O
ß

 
Q

) 
,-) 

-p
 

ß
•H

 
?H

 
C

d
 ß

 
.S

 
W

fc 
ß 

rö o 
3 

o
tu

 
O

 
ü

 
=

 
fn

•P
 
-H

 
f-l 

!̂
b
 

-P
 

O
 C

M
 ß

 
O

fil 
ci <H

 o
 
o
 
n

>••
rH

*d
 

W
 

fn
î 
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All of these 5 Functions are operated in a manner essentially
identical to the 4 training Functions, but they of course accomplish
very different tasks. These Functions and their tasks are as follows:

(1) Standards Initialization (Function SI). This Function
assists you to enter into the calculator the data on the standard
sources (e.g., the number of standards, their multiplicity, the
concentration of analyte in each, the preset counting time) that the
calculator needs in analyzing the results of the counting measurements
on them.

(2) Standards Analysis (Function SA). This Function calls for
input of counting data on each successive standard source, and
computes and prints out from these data the mean counting rates and
associated statistical evaluations of them.

(3) Standard Curve (Function SC). This Function fits a standard
curve to the counting results on the standard sources, and plots the
standard curve (Sections II.2.16 and II.2.17).

(4) Unknowns Initialization (Function UI). This Function
organizes the initialization information on the "unknown" sources in a
manner analogous to the role of Function SI for the standards.

(5) Unknowns Analysis (Function UA). This Function is analogous
to Function SA: it calls for input of counting data on the unknowns,
computes their analyte concentrations, and performs the associated
statistical analysis.

These 5 Functions follow each other in sequence, with an overall
route map as shown in Fig. IV.1. The detailed route maps for the
individual Functions will be presented when each Function is
introduced.
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Fig. IV.2a
Configuring Calculator for RIA Programs

(Using Magnetic Cards)

Operation
1. Master clear

2. Read magnetic card
STATUS IV

3. Read PROGRAM IV

4. Introduce separator

5. Read PROGRAM AM

6. Introduce separator
7. Read PROGRAM L

Action

Turn off calculator, hold downGEUJ,
Press and release j ON|, release f<~|

Feed into slot, at right edge of card reader,
first end No.l and then end No.2 of card
STATUS IV , white face of card toward you

Feed into card reader successively ends No.l
to No.4 of cards PROGRAM IV

Feed into card reader successively ends No.l
to No.8 of cards PROGRAM AM

Key [SHIFT) JGTO] [7J [JJ

Feed into card reader successively ends No.l
to No.6 of cards PROGRAM L

Fig. IV.2b
Configuring Calculator for RIA Programs

(Using Optical Wand and Bar-Code from Appendix 4)

3.
4.
5.

6.

7.

Operation

Master clear

Read status
information for
PROGRAM IV

Read PROGRAM IV

Introduce separator

Read PROGRAM AM

Introduce separator
Read PROGRAM L

Ac t ion

Turn off calculator,_hold down 1̂ ,̂
press and release [ON|. release !<—I

Scan with Wand: SIZE 046, SF 27,
ASN CLP 11

Scan with Wand all rows of PROGRAM IV

Key ISHIFTI |GTO| JTJ [JJ
Scan with Wand all rows of PROGRAM AM

DKey SHIFTl [GTO|

Scan with Wand all rows of PROGRAM L



IV - 5

An Auxilliary Program (Program AB) provides the Auxilliary
Function AB that is used whenever sufficient data have been
accumulated to estimate the parameters A and B of the RER (Chapter VI),

2. Preparation of calculator

The calculator system must first be assembled as described in
Fig. III.2a or b.

The calculator is configured for use of the respective program
sets in a manner analogous to the procedures used in configuring it
for the training program (Fig. III.3a or b). Instructions for
initially configuring the calculator are given in Fig. IV.2a (using
magnetic cards) and Fig. IV.2b (using the Optical Wand and bar-code
from Appendix 4). These operations lead to the configuration of the
calculator that is shown in Fig. IV.3. The program summary component
of Fig. IV.3 can be reproduced by setting printer mode to TRACE and
keying |SHIFT) |CATALOG| 1 . Note that 2 programmed Functions have
been assigned to keys: IV (which calls in the 5 RIA Functions) and CP.

3. Nature and organization of samples

Counting-data on the samples must be organized in a particular
way in order that the programs process the data correctly. Obviously,
data from the standards must be processed first, then data from the
unknowns.

3.1 Standard samples
The identity, multiplicity, and sequence of the tubes in the set

of standards are prescribed by the program and the initialization
operation. The counting data must be fed into the calculator in
strict conformity with these requirements.
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Fig. IV.3
RIA Programs: Configuration of Calculator

CPT 1
LBL'IV
LBL'CP
LBL'U
LBL'7
L8L'3
LBL'8
LBL'?
END 445 eVTES
LBLTfifi
LBL'W
LBL'2
L61T5
L6LT!
END 357 BYTES
LBL'l
.EHB. m BYTES
STflTUS
SIZE= 646
USER KEYS
II CLP

-11 -IV"
-21 "CF"



IV - 7

3.1.1 Identity of standard tubes
Counting data from tubes of the following types are to be

processed :

Background tubes - resemble standard tubes in all respects,
except contain no activity; monitor stability of background
counting rate.

Reference tubes - resemble standard tubes in all respects,
with activity near that of the most active standard tubes;
monitor stability of counting rate for a particular activity
level.

Total-activity tubes - standard tubes containing activity equal
to that originally added to each standard and "unknown" tube.

Zero-dose tubes - standard tubes containing no unlabelled analyte.

"Infinite-dose" tubes - standard tubes containing (or simulating)
a very high concentration of analyte. When "bound counts" are
measured, these are called non-specific-binding (NSB) tubes.

Finite-dose tubes - standard tubes containing known finite
concentrations of the analyte; the programs can accommodate
up to 9, but not more, finite dose levels (hence up to 12
standard specimens altogether).

The total-activity tubes, zero-dose tubes, and "infinite-dose"
tubes are referred to collectively below as preliminary standards.
They are used somewhat differently from the finite-dose tubes, and as
described below precede the finite-dose tubes in the sequence of
analysis.

If a particular category of sample is missing (e.g., the NSB
tubes), its absence can be allowed for as discussed in Sections 4.2.1
or V.2.K2).
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3.1.2 Multiplicity of standard tubes
Background and reference tubes are always counted and analyzed

only as "singletons" (single tubes). All other tubes are counted and
analyzed as replicates of multiplicity M. M may be any number (1 for
singletons, 2 for duplicates, 3 for triplicates, etc.), but it must be
the same number for all standard tubes in the assay. (However, there
is a simple way to take care of the problem of missing tubes, as
explained in Section V.2.K2).)

3.1.3 Sequence of standard tubes
In all assays the general sequence of the specimens is the

following :

Background
Reference
Preliminary standards (replicates adjacent to each
other)

Finite standards (replicates adjacent to each other)
Background
Reference

However, the sequence of the three preliminary standards and of
the several finite standards is specialized according to whether
"bound counts" or "free counts" are being measured, as shown in Fig.
IV.4. The stipulations for standard specimens in Fig. IV.4 can be
most easily remembered by the following rule, which always applies
unless the standards contain gross errors: within the set of
preliminary standards, and then again within the set of finite
standards, the specimens are arranged in order of decreasing counting
rate (highest counting rate first, lowest counting rate last).

3.2 "Unknown" samples
The identity of the tubes that are processed in the set of

unknowns is: background tubes (as for standards), reference tubes (as
for standards), and "unknown" tubes.
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Fig. IV.5
Route Map: Standards Initialization

SI
(Standards
Initialization)

CARD
(Read mag.card)

n < N

\
\

•b y
BN=
(Batch number)

i.
A=
(RER parameter)

B=
(RER parameter)

I

T=
(Preset time)

I

M=
(Multiplicity)

N= [5 - 12]————
(No. of standard
specimens)____

Xn=
(Dose in
standard n)

n>N
RDY 01 OF 03
(Write mag.card)

GO

\

SA
(Standards
Analysis)

?K= [2 - N]
(Specimen
number)
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The multiplicity of the tubes is analogous to the situation for
standards. The background and reference tubes are singletons. The
unknowns are assumed to occur as replicates of multiplicity M, where M
need not be the same for the unknowns as for the standards (thus one
may work with triplicate standards and duplicate unknowns, for
example).

The sequence of the unknown specimens, and the specimen numbering
system, is shown on the right-hand side of Fig. IV.4.

4. Example of data analysis (no irregularities in data)

A complete example of data processing will now be presented,
wherein the 5 RIA Functions are brought into operation in turn,
starting with SI (^standards initialization). In this first example
there are assumed to be no irregularities in the data, i.e., no
missing tubes, no inconsistencies among replicate tubes, etc.

4.1 Initialization of conditions for standards (Function SI)
The plan of action for introducing SI is the following.

(1) The "route" of the operation is reviewed by reference to the route
map. (2) You are led through one full initialization session with
hypothetical data that will illustrate this chapter. The operation is
closely analogous to that for Function AD of the training program
(Section III.4.4.6), which it is assumed you have already mastered.

4.1.1 Route map
The route map for Function SI is shown in Fig. IV.5. After you

have accepted the first proposal, SI, the calculator clears its
registers and invites (with proposal CARD) input of initialization
data from magnetic cards. Whether you accept or reject this proposal,
the next is BN=, a request for input of a number identifying the assay
batch. This number should have 2 parts: 3 digits to the right of the
decimal point encoding protocol number (analyte and a code for
initialization conditions), and up to 7 digits to the left of the
decimal point uniquely identifying this assay batch (for example,
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Fig. IV.6
Worksheet for Standards

Initialization Data (Function SI)
Fig. IV.7

Printout of Standards
Initialization (Function SI)

Data Item Explanation

BN =
A =
B =

T =
M =
N =

X2 =
X3 =
X4 =
X5 =
X6 =
X7 =
X8 -
X9 =
X10=
XI 1=
XI 2=

Zl0737.0?>t
3,0
O

0.5"
a.
^

0
1000000
2.0
If-0
8.0yé-0
32.0

IL Batch No.
RER parameter
RER parameter

Preset time
Multiplicity
No. specimens
(max = 12)

Dose, std. 2
Dose, std. 3

(etc. to std. N)

I

SISISISISISISISISIS1S1SI
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date). When previously recorded initialization data are read from
magnetic cards, only that part of the batch number to the right of the
decimal point is carried by the card, and is immediately printed out
with the label PL (for protocol number). Following the proposal BN=,
the route diverges. If magnetic cards were read, initialization is
complete and the route jumps to GO. If cards were not read, requests
are made for the remaining initialization data.

The next 2 requests, A= and B=, are for these 2 RER parameters
(Section II.2.12) as believed to apply to the forthcoming assay
batch. Then follow T^C length of preset counting time in minutes), M=
(multiplicity), N= (number of standard specimens, i.e. 3 preliminary
specimens plus the number of finite-dose specimens). Finally, the
dose level of each of the standard specimens is requested (X2=, X3=,
etc.), just as the successive addends were requested in Function AD.
(Note that XI, the dose level of the total-activity tubes, is
irrelevant; therefore it is not requested). If a request for a dose
level (e.g., X2=) is rejected, the next message (?K=) invites entry of
the specimen number of the specimen of interest; if you reject ?K=,
you are offered RDY 01 OF 03 (a proposal to write the data on magnetic
cards) followed by the proposal GO. This part of the route map is
identical to its analogue in Function AD. As with all route maps,
rejection of GO leads back in a loop to a point near the top of the
route map to allow correction of the first responses if necessary.

4.1.2 Initialization data for standards and their entry into
calculator

The input data for Function SI, as relevant to the numerical
example now to be demonstrated, are collected in Fig. IV.6. This is
set up as a worksheet - in fact, a part of a worksheet provided for
just such purposes as a supplement to these notes. It would be good
practice in routine data processing to organize the input data on such
worksheets before starting Function SI. Regarding batch number,
810727.034, the number to the left of the decimal point encodes date
(81-07-27) and the number to the right encodes protocol - perhaps
analyte number 3, and the 4th set of different initialization
conditions used for this analyte.
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A brief discussion of the values selected for the RER parameters
A and B is necessary. The first time a new assay procedure is used,
there will be little or no evidence as to the magnitude of these
parameters. In this circumstance one would just enter guesses for the
values of A and B at this stage - perhaps A= several percent, B=0 %.
To avoid difficulties that might arise if the values chosen for A and
B were to yield negative or unreasonably small values of R at extreme
ranges of P, the calculator always takes R as the larger of 2
quantities: (l) 0.7 % or (2) A + BP. Hence the value of R that is
used is never less than 0.7 %. In actual assays, smaller values are
unlikely to obtain anyway.

As explained in Section II.2.12, the calculator collects data
relevant to A and B as it processes the counting results. Hence
experience from which to improve your first guesses will quickly
become available - in fact, the values of A and B that you assume for
the unknowns of the first assay batch can already be based on the
results of the standards. As our first guess, the values are taken as
A=3 %, B=0 %.

In this example, bound analyte is counted. Hence, in conformity
with the sequence of specimens stipulated in Fig.IV.4, Specimen 2 is
the zero-dose specimen, hence X2=0. Specimen 3 is the NSB or
"infinite-dose" specimen. It is impossible on the calculator to key
in X3= OO, but any large value (e.g., X3=l,000,000) that is at least
1000 times as great as the largest finite X (64 in this example) will
serve the same purpose.

Now use Function SI to enter the initialization data of
Fig.IV.6. Press IV ( SHIFT |I.-|), accept SI, reject CARD, and key
in the data in response to all following requests. A correct printout
is shown in Fig. IV.7. If you make keying errors, they are to be
corrected exactly as in the training program; the advice of Fig.III.8
in particular is relevant. When you reach RDY 01 OF 03 after all
entries are correct, store (for later reuse) the contents of the
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Fig. IV.8
Route Map: Standards Analysis

SA
(Standards
Analysis)

_ ____ ___ X
SC
(Standard Curve)
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registers on magnetic cards (3 sides will be necessary). Finally,
accept GO, and you are offered the proposal SA, i.e. a proposal to
begin Function SA.

4.2 Analysis of standards counting data (Function SA)
In this Section you are led through the analysis of standards

counting data in the following stages: (l) the route map is reviewed,
(2) a full set of standards counting data is entered, (3) the meaning
of the printout is explained and (4) certain special problems in the
correction of keying errors are discussed.

4.2.1 Route map
The route map for Function SA is shown in Fig. IV.8. It is very

simple, consisting of only 3 proposals that are an almost exact
analogue of the last 3 proposals in Function SI. The calculator knows
(from your input during SI) exactly how many counting tubes are
foreseen. It therefore requests repeatedly CT= until you have entered
the last item of counting data, then proposes GO. Note that the
proposal CT= does not contain the number of the specimen; however,
there is no possibility that you will get lost as a result, since the
running printout keeps you informed as to which specimens you have
completed. Should you need to take a specimen out of sequence (for
example, to correct a keying error, or to skip the NSB specimen
because no such tubes were prepared), then reject CT= and you will be
offered ?K=, i.e. a request for the specimen number of interest to
you. If, for example, you provide the specimen number 4 (i.e., 4
R/S ), the next request CT= will be for the counts recorded on the
first tube of specimen 4, and the following requests CT= will apply to
the next tubes in sequence. If you reject ?K= you are offered GO, and
if you reject GO you are offered ?K=. When you finally accept GO,
some summary statistical information regarding the standards is
printed and you are offered the proposal SC, i.e. a proposal to begin
Function SC.
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Fig. IV.9
Worksheet for Standards

Counting Data (Function SA)

Identity of Identity of
specimen Specimen specimen
("bound counts") No. Counts ("free counts")

Bckd.

Ref.

Total act.

Zero dose

NSB

Finite

standard

(increasing

dose)

V

Bckd.

Ref.

-1 lf-0 Bckd.

0 ff05"£ Ref.

1 jlfBSfjL Total act.

2 5^/0 "Infinite dose"
r~ 1 C* &

j * G Ö

3 3~7b Zero dose

4 4-570 Finite
#•£*? /' standard

if 113
6 535"?

«7/3
« y (^LLU.

i "7 571 (decree
9 H*7 dos

IILf-t

10

11

12 \

ising

3e)

f

-1 ^^- Bckd.

0 7208 Ref.
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4.2.2 Entry of counting data £or standards
The counting results assumed for the example being demonstrated

are tabulated in Fig. IV.9. This figure, like Fig. IV.6, is set up as
a worksheet - also a part of the worksheet provided as a supplement to
these notes for organizing counting data from routine assays. The
numbers are the gross counting results: counts from each tube
(including background counts) recorded in the preset counting time T.

Now accept the proposal SA (if the calculator has been turned off
since this proposal was made at the end of Section 4.1.2, SA will
still be found in the ALPHA register when the calculator is switched
back on). In response to the repeated requests CT=, feed in the count
data of Fig.IV.9 - for example, the response to the first such request
is 40 R/S . As there are certain new problems in error correction,
which will be explained (Section 4.2.4) only after a discussion of the
printout, try to proceed without error.

A printout of results from correctly entered data is shown in
Fig.IV.10. In routine operation the printout should be critically
inspected as it emerges to determine if it passes the numerous quality
control tests provided by the programs. This inspection can best be
explained, however, in the light of the output from irregular data
(Section V.6, Fig. V.ll).

4.2.3 Meaning of printout on standards
The many numbers in the printout of Fig.IV.10 can be identified

by their labels (used sparingly to conserve program space) or by their
distinctive position in the printout format. The conceptual basis for
understanding the significance of these results has been built up in
Chapter II, to which reference is now freely made.

Consider first the results on the background and reference tubes,
the pair of tubes that precede and follow the actual standard
sources. The count data actually keyed in are printed out first
(e.g., "CT=40" for the first background source). The background and
reference specimens are always singletons (single tubes), and the full
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Fig. IV.10

Printout of Standards Results (Function SA)

SflSfiSflSftSRSPSftSftSRSfiSRSfi
CT=46

-l C8088 EM5.8

CT=8856
0 C16112,888 EÏÏ.1

CT=J4882
29764.08
CT=15i23
38246.99

el. 4 Fi U2 Ht
I 038885.886 EH.6

33.39
CT=5138
34.58

8.7 Fi Ui H4
2 P33.988

2.5S
CT=423
2.82

si. 4 Fl U2 H44
3 P2.É63 t̂ .l

CT=451fi
38.86
31.27

««.S Fl Ui H6
4 P38.665 EÏ2.4

25.96
CT=4I13

27.42
el. I Fl U! H12

5 P26.689 EX2.4

CT=335£
22,38

CT=3442
22.94

?«.5 Fi 1.59 He
6 P22.663 EX2.4

CT=2482
16.54

CT=2717-
18.88

el,8 F3 U3 H36
7 FÎ7.314 FÏ2.5

CT=1644
18.96

CT=1757
11.71

el.2 Fl IM H16
8 P11.335 ES.7

CT=1257
3.38

CT=114!
7.61

e!,6 Fl Ü3 H38
9 P7.592 ES2.9

CT=42
-l C84.e86 EÜ15.4

CT=7888
8 C15616J8? E'^l.l

IPIPIP1PIPIPIPIPIPIPIPIP
el.2 F8 IJ1Z H157

R4.4
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result for each tube follows immediately after the printout of the
counts keyed in. The first number is the specimen number, which in
these programs is always -1 for background and 0 for reference (as
stipulated in Fig.IV.4). The second number, labelled C for "counting
rate", is the result of the measurement (e.g., 80 counts/min for the
first background). The third number, labelled E%, is the expected
(hence the label E) CVM of the result, expressed as a percent, under
the assumption that conditions are stable; i.e., for background and
reference Cubes, E% is the expected CVM attributable to counting
statistics alone.

Consider next the results on Specimen 1, the "total-activity"
standard. Like all the standards, it was made up of 2 duplicate
tubes. For each of these tubes in turn the input data are first
printed out as a record of what was actually keyed in (e.g., CT= 14882
for the first tube) followed by the derived counting rate (e.g., 29764
count/min for the first tube). The next line is the statistical
analysis of the scatter among these results, namely the values for e
(Section II.2.15), F (II.2.7), U (II.2.15), and H (II.2.11). Of these
4 numbers, the value of e is the most useful: the ratio of the
observed CVM of the results on the replicates to the expected CVM.
Finally, the last line for this specimen is a summary result: specimen
number (1), mean result (C30005.000, where the label C again means
counting rate in counts/min), and expected CVM of this result
expressed as a percent (E%0.6). This expected CVM for the total
activity standard cannot meaningfully be taken from the RER, since
this specimen is not chemically processed like all the other specimens
from which the RER is derived. In these programs the expected error
for specimen K = 1 is therefore calculated from counting statistics
alone (as is done for background and reference sources).

The results on the remaining standards (specimens K = 2 through
K = 9 in this example) are all displayed in the same format. This
format differs in only one respect from the format for the total-
activity tubes (specimen K = l): all counting rates are normalized
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against the mean counting rate of specimen K = 1, of which fact you
are reminded by use of the label P (see II.1.2) rather than C in the
summary result. For example, the first tube of specimen K = 2 had a
normalized counting rate of 33.39, and the average value for the
specimen was 33.988.

The last lines of printout for the standards, printed under the
banner headline IPIP... following your acceptance of GO, are a
statistical analysis (related to the IP and RER) of the standards
taken collectively. The quantities labelled F, U, and H are the
cumulations (i.e., the totals) of these same numbers for all the
standard specimens except those that fall into 2 categories: (1) total
activity standards (namely specimen K = 1) and (2) any other standard
specimens whose results appear to contain outliers (namely those whose
scatter exceeded the p = 0.3 % criterion by the JC test

\*(II.2.15) . Specimen K = 1 is omitted from this cumulation because
the random errors to which it is subject are different from those to
which the other standards are subject - none enter from chemical
procedures except pipetting. Outliers are omitted because their
scatter is presumed to be the result of extraneous influences which
should not be allowed to contaminate the RER. This will be
illustrated in the next Chapter. The quantity e is Vu/F (II.2.15),
i.e. the weighted average ratio of observed to expected CVM's for all
these standards. The value labelled R is the weighted average value
of R ( A/H/F) for these same standards (II.2.11 and II.2.12). Indeed,
if the RER parameter B is small, as is often the case, then R£sA.
Thus, already by the end of the analysis of the standards one has a
first empirical estimate of the RER parameters for the forthcoming
unknowns: BA?0, A^R. Better estimates can be made as further results
are accumulated.

Finally, two last points should be made about the statistical
quantities F, U, and H. First, in the printout (though not in the

These specimens are "flagged" by a special symbol (**), as
discussed in Section V.2 and Fig. V.5.
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Fig. IV.11
Correction of Keying Errors in Functions SA and UA

1. If keying error recognized before R/Sj pressed, clear error
as usual withl^—— I or [SHIFT) JCLXJ , key in correct data and
proceed normally.

2. If keying error recognized after R/S pressed, you must
first reindex to number of specimen requiring correction.

(1) Await next proposal (CT= or GO), reject it.
(2) Respond to following proposal (?K= ) with number of

specimen requiring correction.
Note: Index number for second background is not

-1 (which gives first background).
Instead, use specimen number 1 unit higher
than last standard. Second reference
cannot be indexed directly; you must index
second background as above and reinput
both second background and second
reference.

3. If, following your error, no results for F, U, and H were
printed (or, if printed, were flagged with 2_ asterisks (**)),
no cumulation was made and therefore no correction of a
cumulation is necessary. Provide the correct data and proceed
normally in response to the proposal now displayed (CT= ).

4. If, following your error, some results for F, U, and H were
printed (but not flagged by 2^ asterisks (**)),a cumulation took
place and requires correction.

(1) Key in again the same counting data as before for all
tubes in the specimen, including the original errors,
but make the number of counts negative with |CHS1 T
This eliminates the error from the cumulation.

(2) Reindex again to this specimen number and proceed
normally with correct keying action.

5. If you become hopelessly entangled in the midst of any Function
whatsoever, it is possible at any time to invoke Rule 1 and
start over from the very beginning.

6. If you become hopelessly entangled in Function UA, you may at
any time invoke Rule 1, reject SI, SA, and SC, and accept UI.
That is, if entanglement occurs in processing the unknowns
after successful completion of the curve fitting (Function SC),
you can start over on the unknowns without having to repeat all
that preceded them.
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calculator), U and H are always rounded, in fact to the nearest whole
number. Therefore the printed cumulations may not be the exact sums
of the values printed for individual specimens. Second, it may be
asked why it is necessary to print F, U, and H at all for individual
specimens. This is done to facilitate editing: if it is decided that
the results on certain specimens are invalid, their contribution to
the cumulations of these quantities may be subtracted out by hand.
Normally, however, the operator can ignore F, U, and H values for
individual specimens.

4.2.4 Correction of keying errors
All the advice in Chapter III (see Fig.III.8) about keying errors

remains valid. However, certain additional problems arise in Function
SA (and equivalently in Function UA) as a result of the running
cumulation of F, U, and H. If an erroneous calculation is carried so
far as to result in the cumulation of an incorrect value of F, U, or
H, the correction procedure must assure not only that the right values
are generated but also that the wrong values are first subtracted out
of the cumulations. Suitable correction procedures are summarized for
reference in Fig.IV.11.

Now practice these error correction procedures (except item 6,
which is not yet relevant). Start the analysis of this example again
from the beginning (Rule 1), but perform Standards Initialization with
the magnetic cards you prepared in Section 4.1.2. Then repeat
Function SA, making and correcting errors as described in Fig.IV.11.
When you finally accept GO, the printout of the IP data should be
exactly as in Fig.IV.10; if the cumulations are different, you have
not successfully corrected all errors. You must have correct results
before proceeding into Function SC.

4.3 Preparation of standard curve (Function SC)
In this Section you are shown how the standard curve is prepared

in the following steps: (l) the route map is described, (2) the
curve-fitting operation is performed, and (3) the meaning of the
printout regarding the curve is discussed.
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Fig. IV.12
Route Map: Standard Curve
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4.3.1 Route map
The route map for Function SC is given in Fig. IV.12. After the

proposal SC is accepted, the proposal ?K= is displayed. This offers
an opportunity to edit the calculated results on any of the standards
of specimen number K = 2 or greater; after specifying K, you will be
asked to enter in turn the values of P and E% with which you wish to
replace the values printed out during SA. Examples of such editing
will be given in Section 5 where irregular data are treated. If no
editing (or no further editing) is necessary and you reject the
proposal ?K=, the proposal FT is displayed: the calculator proposes
to fit a standard curve to the standards results. If you accept this
proposal, the least-squares fitting operation (Section II.2.16) will
be initiated and will continue, without the need for your further
intervention, through printout of the parameters defining the fitted
curve, plotting of the standard curve (Section II.2.17), and finally
display of the next route proposal GO. However, a special message, to
which you may respond in a special way, appears repeatedly during the
fitting operation: "% = n", where n is some number. The role of this
message is discussed later. If GO is accepted, the analysis proceeds
to the next Function, UI; if it is not accepted, the message ?K= will
be displayed again to give you an opportunity to edit the standards
results again. If you reject ?K= and accept the following proposal
(FT), curve fitting will be continued from where it left off.

4.3.2 Fitting of standard curve
Now accept the proposal SC which appeared after you accepted GO

in Function SA. (If in the meantime you have turned the calculator
off, SC will still be found in the ALPHA register when you switch it
on again (Fig. III. 8, item 3).) Reject ?K= (since this example
contains no irregularities and thus the computed results require no
editing) and accept FT (whereafter in this example you need take no
further action until the proposal GO is made).

The fitting process (II.2.16) goes through cycles - only 2 in
this example, but sometimes many - during each of which the curve is
slightly altered so as to reduce somewhat the separation between the
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Fig. IV.13
Printout of Standard Curve (Function SC)
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curve and the points representing the results on the standards. (This
"separation" is expressed mathematically as a "sum of squaredr— 2residuals", or2_(D-/SE.) as explained in II.2.16.) The number
n is the percentage by which the "separation" has changed during the
last fitting cycle, and the fitting operation will stop automatically
as soon as the magnitude of n drops below 1 %• For some
configurations of input data an unreasonably long time may be required
to reach automatic termination. You are therefore provided a means of
artificially terminating the fitting process at the end of any given
cycle (presumably in preparation for further editing): while "% = n"
is being displayed for a second, key in the digit 0, but do not follow
it by R/S . This is the one circumstance in which the calculator's
proposal and the operator's response are not in strict conformity with
Principles 1 and 2 of Rule 2 in Fig. III.5. This exception is
required in order to allow the calculation to proceed automatically to
completion if you do not wish to be in attendance throughout the
fitting process. (You are given advance notification by a TONE signal
that "% = n" is about to be displayed. If you press 0 too late,
namely after "% = n" has disappeared from the display, the calculator
will not recognize your keying action and you will have to do it again
- more promptly - when "% = n" is again displayed about a minute
later.) The calculator is thus led to believe that the termination
criterion has been met, and will proceed to print out the fitting data
and a plot of the standard curve. In the present example, artificial
termination is unnecessary since automatic termination occurs quickly.

In this example you may accept the proposal GO that is offered
when the plot is concluded, since no further editing is required in
the absence of irregularities. Thereupon the proposal UI is made
(Function UI, or Unknowns Initialization, which will be examined in
Section 4.4).

4.3.3 Meaning of printout concerning standard curve

This example leads to the printout shown in Fig. IV.13. It
consists of 2 parts: numbers relating to the fitted curve, and then a
plot of the curve.
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Fig. IV.14
Route Map: Unknowns Initialization
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The first pair of numbers, labelled F and V, are the degrees of
freedom and variance ratio of the fitted curve as described in
II.2.18. The larger is V, the poorer is the fit. In this example
this pair of numbers is not "flagged" by asterisks (II.2.18, Fig.
V.5); therefore the curve fits the points reasonably well. The
following 4 numbers printed are the fitted values for the 4 adjustable
parameters (constants) of the curve, namely a, b, c, and d as
described in II. 1.5 (second example).

The plot of the standard curve matches Fig. 11.14, as described
in II.2.17. The results are plotted for the finite standards only, in
order of increasing specimen number (same order as Fig. IV.4). Note
that the horizontal scale extends from -40 % to +40 %, and that the 9
columns of dots mark off the 10 % intervals (-40 %, -30 % ... 30 %,
40 %) between these extremes. Remember the key feature of the plot:
the fitted curve is the (imaginary) vertical line at 0, and a perfect
match of curve and data points for the standards would have the points
all falling on this vertical line. The separation between the points
and the fitted curve can be read at a glance to an accuracy of about
1 %.

4.4 Initialization of conditions for unknowns (Function Ul)
Function UI is analogous to Function SI (Section 4.1). As in

that case, (l) the route map is first explained, and thereafter (2)
you are led through initialization as appropriate to the example
illustrating Section 4.

4.4.1 Route map
The route map for Function UI is shown in Fig. IV.14. After

you accept the first message, UI, the calculator clears some of its
registers, thus making a return to curve fitting impossible. It then
makes a request ?L=, and if you accept that, a request Y=; this
sequence is repeated until you reject ?L=. These 2 parameters offer
one means to alter the shape of the standard curve if the fit achieved
in Function SC is poor. This procedure should be considered only if
(1) the variance-ratio test flagged F in the printout with one or two
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Fig. IV.15
Worksheet for Unknowns

Initialization Data (Function UI)
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asterisks and (2) the points depart in some systematic curve from the
vertical line at Y = 0 in the plot - i.e., a large random scatter
about this line would not suggest how a smooth curve could be better
drawn through the points. This manual adjustment of the curve is not
necessary in this example, and presumably is seldom appropriate.
However, its availability assures that these programs will not be
unusable for standard curves of abnormal shape. The procedure will be
described in the example of Chapter 5 where irregularities are present.

After you reject ?L=, the calculator requests, in turn, values
for the RER parameters A and B. Next is the route proposal IP. With
the standard curve and the parameters A and B now specified, the
calculator is able to compute both the RER (Fig. II.9) and the
imprecision profile (Fig. 11.10) that are expected to characterize the
forthcoming unknowns. From these it can also determine how long a
counting time is reasonable for each tube. If you accept the route
proposal IP, this information will be printed out. In routine
analyses, it is usually not very useful to see this information at
this time; it will be printed out anyway at the end of the unknowns.
However, the analyst has access to this information at this stage for
those special circumstances requiring it.

Finally, the calculator requests input for T (preset time), M
(multiplicity), and N (number of unknown specimens), and then offers
the route proposal GO in the usual manner.

4.4.2 Initialisation data for unknowns and their entry into calculator
The initialization data for the unknowns are shown in Fig. IV.15

(part of a worksheet suitable for routine use), and the printout
resulting from initialization according to the following instructions
is illustrated in Fig. IV.16. Accept the proposal UI, reject ?L=
(since adjustment of curve shape is not required in this example), and
provide A and B. While the proposal IP would usually not be accepted,
do accept it now in order to see what is available. A table is
printed out in about 3 minutes, as discussed in the next Section.
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Provide in response to the following requests the remaining 3
quantities, T, M and N.

A trick is provided in Function UI; you are not to use it now,
but you may try it in some future example. In keying in the value for
M=, if you provide a negative number (e.g. -2 for duplicates), then
the results for individual tubes in the forthcoming Function UA are
not printed; only the mean result for all replicates of each specimen
is printed. This speeds up the calculation significantly, at the
expense of reducing the information output slightly.

4.4.3 Meaning of printout on unknowns initialization
The printout illustrated in Fig. IV.16 needs explanation only

regarding the RER and IP information generated after acceptance of the
proposal IP.

The number labelled TC (30005.000 ct/min in this example) is the
mean counting rate for the Jzotal-activity sources (as already printed
out for specimen 1 of the standards).

The 10 lines starting with "P" at the left margin tabulate the
RER and IP expected for the unknowns. The first numbers in these
lines give the response (P) in 10 equally spaced intervals covering
the full working range of the analysis. (As will be explained in
Chapter V, if an "unknown" tube were to yield a normalized counting
rate P outside this working range, the result would be considered
off-scale and the associated concentration of analyte would not be
evaluated.) The second number in each line, labelled R (II.2.11), is
the non-counting random CV at the P in question as yielded by the
parameters A and B just provided (or alternatively, the lower limit of
R, namely 0.7 % (Section 4.1.2)). The third number, labelled X, is
the analyte concentration corresponding to P according to the standard
curve now stored. The last number, labelled %, is the CV of X
corresponding to R. Thus R plotted against P is the RER that was
assumed for the unknowns, and % plotted against X (or more
informatively, against In X) is the imprecision profile implicitly
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Fig. IV.17
Route Map: Unknowns Analysis
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assumed. Now plot the RER and imprecision profile; they will resemble
the curves in Figs. II.9 and 11.10, respectively.

Under each of the 10 lines giving the RER and imprecision profile
is a number labelled D (for "duration"). This number is the length of
time in minutes that a tube should be counted, when its normalized
counting rate is the above-lying P value and the total-activity
counting rate is the TC value just printed, in order to make the
counting-statistics error on the tube half of the above-lying R
value. The significance of such a measurement time is as follows. As
explained in II.2.11, the overall random error on a tube is given by:
(overall CV) = R2 + S . When S, the counting CV, equals R/2,
then: (overall CV) = ̂ JR2 + (R/2)2 = 1.12 R. Even if counting
errors were reduced to zero by counting forever, the overall error
would drop by only about 12 % to R. Thus counting longer than the D
value shown would be a waste of time. If R is already smaller than
required for the medical purposes of the study, then counting time
could be made shorter than D without compromising the medical value of
the results. For example, counting a duration D/A would give an
overall random CV of 2.2 R. If a different totals counting rate were
used, D would shift in inverse proportion: halving TC would double D.

A numerical example can be given relating to optimum counting
time. As shown in the printout, when P = 10.5, D = 1.4 (minutes).
Thus when the totals counting rate is TC = 30005 ct/min, counting a
tube with a normalized counting rate P = 10.5 for 1.4 minutes would
give a counting-statistics error S = R/2 = 3.0 (%)/2 = 1.5 % and an
overall CV = 3.4 %. If, in the next assay, half as much tracer were
introduced (so that TC = 15000 ct/min), then the analogous counting
time would be twice as long, 2 x 1.4 min = 2.8 min.

4.5 Analysis of unknowns counting data (Function UA)
This Section, which is closely analogous to Section 4.2 (Function

SA), is described in the following steps: (l) the route map is
reviewed, (2) counting data for a set of unknowns are entered, and
(3) the meaning of the printout is explained.
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Fig. IV.18
Worksheet for Unknowns

Counting Data (Function UA)
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4.5.1 Route map
The route map (Fig. IV.17) is identical to that for Function SA

(Fig. IV.8), except that upon completing Function UA, and thereby the
whole analysis, the calculator turns itself off.

4.5.2 Entry of counting data for unknowns
The counting results assumed for this example are shown in Fig.

IV.18, also a part of a worksheet. Remember that background and
reference specimens precede the unknowns and then follow the unknowns
(Fig. IV.4).

Now accept the proposal UA and key in the data exactly as was
done for Function SA. Correction of keying errors proceeds exactly as
with Function SA, including the special operations required to correct
erroneous cumulations (Section 4.2.4 and Fig. IV.11).

In routine operation, the printout for the unknowns, as for the
standards, should be critically inspected as it emerges to determine
if it passes the built-in quality control tests. This is discussed in
the example involving irregular data (Chapter V).

4.5.3 Meaning of printout on unknowns
A correct printout for the data entries of Fig. IV.18 is shown in

Fig. IV.19. It is closely analogous to the printout for the standards
(Fig. IV.10).

The printout on individual specimens is identical to that for
standards, with one exception: the results on unknowns are analyte
concentration, X, where X has the same units as were used for the
standards (Fig. IV.6). (Note: if in Function UI you provided a
negative value for M=, the results for individual unknown tubes would
be missing in this printout.)

For the RER and related matters printed following the banner
headline IPIP...... the differences from the printout on the standards
are more substantial.
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In the first 2 lines, the cumulation of F, U, and H are given
(with associated e-value, and also flagging if appropriate as a result
of the J^ test), together with the root mean square value of R.
These numbers reflect for all unknown specimens the same type of
information given under IPIP... at the end of the standards printout.

Now follow the tabulation of the RER and IP which, except for one
addition, is the same as the corresponding printout during unknowns
initialization. (For this reason, the proposal IP during
initialization would normally be rejected - the information comes out
later anyway.) The addition in this rendition is the insertion,
between some of the lines starting with P, of additional lines giving
e, U, F and H (3 such lines in this example). These lines are the
"binned" cumulations of these quantities for the "unknown" specimens.
By binned cumulations it is meant that each set of numbers is the
cumulation for just those "unknown" specimens whose mean X (or mean P)
fell between the bracketing X (or P) values in the tabulation of the
IP and RER. For example, the table reveals that the results on 2
unknowns fell in the range X = 24.5 to 38.8 units, since the
cumulative F equals 2 in this range of X, and each duplicate specimen
contributes F = 1. (Inspection of the printout on the individual
unknowns confirms this: specimens 4 and 6.) However, had there been
any individual results showing scatter among replicates exceeding that

"̂ "2for the p = 0.3 % criterion of the J^ test (flagged with 2
asterisks, **), those values would not have been cumulated into the
bins just as they would have been left out of the overall cumulations
- they are considered faulty outlier data that should not influence
the evidence regarding the RER for "typical" specimens. All pairs of
binned F and U values have also been subjected to the J(. test.
The absence of flags preceding any e-value shows that none of the
cumulations embodies scatter so large or small compared with
expectations that the flagging criteria of Fig. 11.11 are met. These
binned values of F, U, and H (a) reveal by this J^ test whether
data in individual regions of the working range are inconsistent with
the previously assumed RER, and (b) allow a new deduction of the
parameters A and B of the RER using the current results (perhaps in
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combination with results from the recent past). For the latter
purpose, auxiliary Function AB is available, as will be explained in
Chapter VI; it calculates values for the RER parameters A and B, from
whatever data are available, by a weighted linear regression procedure.

This ends the analysis of a complete example in which no
irregularities existed in the counting data.
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Chapter V - Analysis of In-Vitro Assay Counting Data
(Irregularities in Data)

This Chapter explains how to process irregular RIA data and how
to interpret the resultant printout. As in Chapter IV, the emphasis
is on an example of data processing which you are to follow on your
own calculator. However, it is not practical to illustrate every
possible irregularity, and therefore the potential effects of some
types of irregularity on the performance of the Functions and on the
printout are merely described. The "machinery" employed for
organizing the data and entering them into the calculator is the same
as in Chapter IV, which must have been mastered before you read
further.

1. Initialization of conditions for standards (Function SI)

The initialization data for this example are given in Fig. V.l.
Enter these data into the calculator using Function SI. The printout
should appear as in Fig. V.2. Record the initialized registers on
magnetic cards at the time you reach proposal RDY 01 OF 03 after
completing correct entry of the data. Then accept GO.

2. Function SA

The counting data to be analyzed are given in Fig. V.3. Enter
them into the calculator as described in Section IV.4.2.2. The
printout should be as shown in Fig. V.4. If necessary, correct any
keying mistakes as you proceed, using the methods shown in Fig. IV.11.

2.1 Meaning of printout on standards
Several new issues are brought to light in the printout.

(l) As stated in Section II.2.15, the JL test flags values
of e according to the statistical significance of their departure from
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Fig. V.l
Worksheet for Standards
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unity. The flagging symbols used are shown in Fig. V.5 (see also Fig.
11.11).

(2) Specimen 1 - When results on a tube are missing, key in a
count of 0 (or indeed any other count not statistically significantly
above background). Such entries are "discarded" by the calculator
rather than being included in the calculation of the mean counting
rate. When such a discard is made, the record is kept as counts/min,
labelled C for c_ounting rate, and printed at the left margin. Note
that if there is a valid count (i e., a count significantly above
background) on only one tube, then F, U, and H are indeterminate; no
values are printed for these quantities. Note also that a warning
letter W precedes the specimen number, drawing attention to the fact
that the result is based on a single tube only.

(3) Specimen 3 - When the observed scatter is less than the
scatter expected from counting statistics alone, H is negative. F = 2
when 3 tubes give valid counts. Note that e is flagged with the
symbol ^ : such a low value of e should occur by chance less often
than 1 in 20 specimens if the RER assumed is valid.

(4) Specimen 6 - Two asterisks flag this specimen, showing
scatter among the replicate tubes to be so great (Fig. V.5) that it
would occur less frequently than once per 300 specimens if only the
expected errors contributed to scatter. (Perhaps the third tube
suffered from spillage.) By this flagging the result has been
identified as an outlier: the U and H values will not be cumulated,
and furthermore, the specimen will not be used in the construction of
the standard curve unless (see below) you take special steps to
include it. The specimen number is preceded by W as a warning that
the CVM observed (e x E%) exceeds 9 %. This is the second of the two
roles of the warning symbol W.

(5) Specimen 7 - also flagged with 2 asterisks by JC test
because of large scatter among replicates.
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Fig. V.3
Worksheet for Standards

Counting Data (Function SA)
(Irregular Data)
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(6) Specimen 9 - flagged with 1 asterisk by JC test because
of substantial scatter among replicates.

(7) IPIP... - Note that the cumulative F is only 11; specimen 1
(as always) and specimens 6 and 7 (called outliers by the JC test)
were not cumulated. The scatter of the other specimens is altogether
consistent with expectations (e = 1.1).

2.2 Identification of outliers
The identification of "outliers" is a somewhat uncertain task.

Two extreme perspectives are possible: (1) accept past experience
regarding scatter as a reliable guide, or (2) accept only the internal
evidence as to scatter in the current assay batch. The first
perspective offers the advantage that a large body of results is
available to reduce statistical ambiguities, but the disadvantage that
past experience is not assuredly relevant to the current assay batch.
The second perspective reverses these attributes: a small data base,
but unquestionable relevance. The choice between these perspectives
would depend in part on how confident one is that past experience is
relevant: for a new type of assay, it is not very relevant, while for
an assay fully reduced to routine, it may be a very good guide.

These programs (as explained in Section II.2.14) are based on the
first perspective. If this were valid for the assay batch currently
being illustrated, there would be almost no doubt that specimens 6 and

'Y*27 are outliers - the JL test gives p values far below 0.1 %.
However, if the first perspective is not valid, one would in all
probability gain an overly optimistic view of the consistency of his
analytical procedures if he discarded the "bad" results.

While one hopes that this issue will not arise very often, there
is a reasonably objective procedure for converting from the first
perspective to the second. It involves "normalizing" the quantity U
so that it reflects the expectations as to scatter derived from the
current batch alone, rather than the expectations derived from earlier
batches.



V - 6

Fig. V.4
Printout of Standards Results (Function SA)
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4.34

CT=3282
4.33

*e8.1 F2 U8 H-6
3 P4.326 EX1.3

CT=36641
49.51

CT=36178
48.89

CT=36992
49.99

el.3 F2 U3 H2
4 P49.462 EÜ8. 5

CT=32263
43.68

CT=32807
43.25

CT=31768
42.92

c8.9 F2 Ü2 Hl
5 P43.254 EÏ8.5

CT=25955
35.87

CT=26138
35.32

CT=12288
16.68

**e31.8 F2 Ü2821 H2748
U6 P28.999 E3J0.7

CT=19379
26.19

CT=21821
28.41

CT=28284
27.3B

**e3.4 F2 Ü24 H32
7 P27.298 EX8.7

CT=13432
18.15

CT=13757
18.59

CT=13590
Î8.36

e8.8 F2 Ü1 Hl
8 P18.368 EÜ8.8

CT=9915
13.48

CT=9314
12.59

CT=96e4
12.98

*el.9 F2 Ü8 H17
9 P12.987 Eue.9

CT=282
-l C181.888 E5J7.8

CT=54821
8 C27418.588 E/E8.4

IPIPIPIPIPIPIPIPIPIPIPIP
ei.l Fil U14 K15

RI.2
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One can define his new expectations in the following way: assume
the RER has the same shape as before, but scaled in magnitude so that,
as cumulated over the whole batch (or that part of it that is
available, e.g. the standards),

... / observed CVMweighted mean w expected CVMy
From the definition of U in Section II.2.15, we have

weighted mean ( observed CVM \2 = cumulative U .
l^old expected CVMy cumulative F

Thus, if a U value calculated for an individual specimen is multiplied
by the ratio

___________1__________ = cumulative F ,
cumulative U/cumulative F cumulative U

it will give a new U (call it U1) that is "normalized" to the new
expectations :

U' = U x cumulative F
cumulative U

The JL test can now be applied again. Remember ( JL table in
Appendix 2) the following critical values of JC (our U) as
identifying outliers by the p = 0.3 % criterion: for F = 1
(duplicates), JC ^9; for F = 2 (triplicates, as in this example),
.A. 12.

The conversion from perspective (l) to perspective (2) will now
be illustrated for the data of Fig. V.4. Start with no discards, and
examine the most deviant specimen (i.e., the specimen with the
greatest e value), number 6. Cumulative F and U can be calculated
most easily from the partial cumulation under IPIP..., to which are
added back the values discarded:

U1 = 2021 x 1 1 + 2 + 2 = 14.7
14 + 2021 + 24



v -

Fig' v'5 vFlagging of Specimens According to Value of p (froraJC 2 Test)

Range of p-value

100 % - 95 % £
95 % - 5 % (none)
5 % - 0.3 % *

0.3 % - 0 % **
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Thus specimen 6 exceeds the critical value (12) of jC even on the
basis of scatter in the current batch alone, and can still be
discarded as an outlier.

We then examine the next most deviant specimen, number 7, in
terms of the remainder of the batch:

U1 = 24 x 11 * 2 =8.214 + 24

According to perspective (2), specimen 7 should not be discarded.

In summary, specimen 6 would be rejected on the basis of either
perspective, while specimen 7 would be rejected only if past
experience were considered reasonably relevant.

2.3 Estimation of expected error (E %)
The values printed for E % reflect the counting-statistics errors

and the multiplicity of this assay batch, but the RER deduced for
previous batches (see Section II.2.14). If it is decided that the RER
in this batch is abnormally high, then the E % values printed are an
underestimate of the CVM values that should be assigned to the mean
results. The cumulative value for e, printed under the IPIP...
headline for all non-outlier standards, has a magnitude of 1.1: on
average, observed CVM1s exceeded expected CVM1s by the factor 1.1.
However, if specimen 7 were not discarded, its F and U values would
add to the cumulation, giving:

= A I cumulative U =A|14 +
V cumulative F VU +

e = = 24 =

If it were decided that specimen 7 cannot be discarded as an outlier
but must be considered to reflect elevated scatter in this batch, it
would be appropriate to take, as the CVM estimates for the individual
specimens, new values equal to 1.7 x E %.

3. Function SC

In this Section, (1) editing of the results on the standards is
illustrated, and (2) the fitting operation for the standard curve is
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Fig. V.6
Printout of Standard Curve (Function SC)

(Irregular Data)

scscscscscscscscscscscsc
6 P35.288 EXl.e

*F3.88 V6.08
356.83
bi.08
ci2.31
d4,34

Y <UNITS= 1) *
-46.8 48.8

8.9
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carried out on the edited results. The printout yielded by these
operations is shown in Fig. V.6.

3.1 Editing of results on standards
The distinction between editing the calculated results on the

standards and editing erroneous entries of counting data must be
clear. At this stage we assume that all faulty entries of data have
been corrected, so that we are now "tampering" with results containing
no calculational errors.

The method of editing the calculated results is simple. In
response to the first request for data in Function SC, namely ?K=, key
in the number of the specimen whose result is to be edited and press
[R/SJ . In response to the following message P=, key in the new
preferred value of P and press R/S| . In response to the next message
E%=, key in the new value of E% and press [R/SJ . Even if only one of
the numbers P or E% is to be altered, you must nevertheless key both
numbers back in; if you press R/Sf without having keyed in a number,
the process of correction is aborted and you are offered ?K= again.
If you key in a value for E % less than 0.1 or greater than 999, the
calculator refuses to accept it and requests ?K= again.

There are basically 3 reasons for editing: (1) change P and/or
E% to values that are judged, for some well-founded reason, to be
better, (2) eliminate a standard result altogether, and (3)
introduce a standard result for which no data existed or whose
exclusion as an outlier you wish to revoke. These are taken up in
turn.

(1) Sometimes when the standards are prepared as triplicates,
but seldom when they are prepared as duplicates, adequate reasons may
exist for adjusting P. For example, if in the case of triplicates 2
tubes agree well but the third gives only half as many counts and you
now remember it was dropped in the sink during preparation, you would
be justified in discarding the third value altogether. (This is the
circumstance in specimen 6.) Your new value of P would be the average
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result of the first 2 tubes. You should then also alter E%, since the
expected error of the mean of only 2 points is somewhat greater than
that of the mean of 3 points (in fact, by the factor VT/VT = 1.2).
(The calculations for the new P and E% may be performed manually on
the calculator keyboard as they are needed, without interfering with
the forthcoming calculations in Function SC under program control,
except that they will cause the message to disappear from the
display. If necessary, you may switch briefly into ALPHA mode to see
what it was.)

(2) There should seldom be a need (or justification) for
eliminating the result on a standard specimen by editing: those
results flagged by 2 asterisks as outliers are automatically excluded
from the standard curve, and those results not thus flagged should
normally be left .in. However, the occasion could arise - for example,
if a first attempt at curve fitting shows one standard point to be
altogether inconsistent with the others (perhaps a dilution error?).
To eliminate the result on a standard, key in for that specimen number
the new value P = 0 (and then any value for E % that is in the allowed
range in order that the editing goes to completion).

(3) The mathematics of the curve fitting operation requires
(II.2.16) that results be present for specimens K = 2 and K = 3. (If
either result were missing when you tried to accept the proposal FT,
the calculator would refuse to start the fitting operation and instead
again propose ?K=.) If for example no NSB tubes were prepared, no
result will have been calculated for K = 3 (in the case when "bound
counts" are measured) or for K = 2 ("free counts"), and a result would
now have to be "invented" to allow the calculation to proceed. (Note
that this "invention" of a non-existent result is to take place here,
in Function SC; do not instead feed in invented counting data during
Function SA because that would lead to an inappropriate value for
E%.) Put in any plausible value for P (perhaps, in the case of "bound
counts", half the value of P for the highest-dose standard). Since
this is just a guess, assign it the largest error the programs can
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accommodate, namely E% = 999. The consequence of these "inventions"
is that the calculator now has a starting guess (II.2.16) for the NSB
result, but by virtue of the large error E% it can adjust the value
freely during its iteration to achieve a better fit. If your guess
was poor, the curve fitting calculations might last unreasonably
long. This is the circumstance under which it would be useful to
terminate the calculation prematurely by keying 0 in response to %=n
(Section 4.3.2). The curve will then be plotted, and GO will be
offered. You must reject GO, and edit the NSB results so as to
provide a larger or smaller value of P according to whether the
fitting process pushed the parameter d up or down relative to your
guess. An illustration of such maneuvers is given in Section 7.

In this example we decide to leave specimen 7 discarded but to
edit specimen 6, believing the results on its first 2 tubes to be
valid and those on the third tube to be worthless. The mean P of the
first 2 tubes is 35.2, and the expected error would be about (V~3~/V~2~)
x 0.7 %, or say E% = 1. Now in response to the first proposal ?K=,
key 6 and press |R/S|; then enter similarly the new P and E% in
response to the corresponding proposals, followed in each case by
R/S {. A record of your corrections is printed out, at the top of

Fig. IV.6, as a new summary result for specimen 6.

3.2 Fitting of standard curve to edited results
When editing is complete, reject the displayed message ?K= and

accept the next, FT. After about 5 displays of "%=n" (about 8
minutes), the magnitude of n drops below 1 and the results are printed
out (Fig. IV.6).

The *goodness of fit test gave rather poor results , leading to

When the results on one or more standards have been "corrected"
manually, as was done on this example for specimen 6, the goodness
of fit test is made less reliable. Unless several standards results
are altered, however, the test should still provide useful guidance.
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the flagging with one asterisk (*) of the pair of numbers F and V:
the observed points on the standard curve fall farther from the
fitted curve than could be easily explained merely by the scatter
among the replicates for each observed point. (The single asterisk
"flag" shows that a fit as poor as this would turn up by chance in
only 5 % - 0.3 % (Fig. V.5) of such assay batches if the standard
curve is indeed correctly represented by the axis Y = 0. The
variance-ratio table of Appendix 3 shows that for F = 3 and
V = 6.08, the chance is in fact about 3 %„) The plot shows that 4
of the 5 points that remain for the finite standards (remember,
specimen 7 was discarded automatically and not restored during
editing) depart from the fitted curve (the axis Y = 0) by more than
one standard error. Furthermore, they appear to depart in a
systematic manner, suggesting for example that the smooth curve
sketched in by hand would reflect a better fit than does the axis Y
=0. If a similar trend were to show up for every assay batch in
which this analyte was measured, the evidence for curvature would be
clear. In a single batch such as this, especially when it is
flagged by only a single asterisk and also contains experimental
errors leading to the exclusion of one of the standards, the reality
of the curvature is less certain. However, for purposes of
illustration we will assume that the model underlying this
curve-fitting procedure does not apply accurately to this assay
batch, and that we are entitled to alter the standard curve to
achieve a better fit to the standards points.

Two methods are available in these programs for altering the
curve, and both will be illustrated. The method that will be
illustrated first (Section 4) allows you to "bend" the standard
curve "by hand" so that it follows the sketched-in curve rather than
the vertical line Y = 0 in Fig. V.6. This "bending" is accomplished
during unknowns initialization (Function UI). The second method
(Section 7) is to alter the results for standard specimens 2 and/or
3 (the zero-dose and infinite-dose results), allowing them to take
new values that bring the finite-dose points closer to the fitted
curve (the axis Y = 0). This sacrifices a good fit of the standard
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curve at very low and high concentrations (where presumably we are
less interested in it) in order to get a good fit in the
concentration range represented by the finite standards (where
presumably the interesting unknowns will be found). With neither
method of curve adjustment can the results be trusted outside the
range covered by the finite standards.

Before proceeding with the curve adjustment by the first
method, note certain other features of the curve-fitting operation.
Certain irregularities can show up in the plot that are not
illustrated in this example. (l) The vertical scale on the plot
extends from 9 to 1, covering only the y range 0.95 to 0.05 (see
footnote in Section II.2.17). If the calculated y value of a
particular standard falls outside this range, the result for that
standard will be considered unreliable and will be neither plotted
nor used in the curve fitting operation. (2) If, through errors in
the standards or in the counting data, the counting rate on a later
standard is higher than the counting rate on an earlier standard, no
result will be plotted for the later standard: the printer cannot
return to a line already printed. (3) If 2 standard points are so
close together in counting rate that the second should be plotted on
the same line as the first, the second will not be plotted.

When GO is displayed at the conclusion of the plot, you could
reject it and go back to edit the results again in preparation for a
new fit. Obviously, you should have good justifications before
"tampering" with the calculated results. One such circumstance is
that just described: the model is judged inappropriate to the
particular assay, and a better fit is to be sought by providing
fictitious new results for standards number 2 and 3 (thus providing
new starting guesses for a and d). This will be illustrated in
Section 7. Another such justification might be the finding that one
of the standard points is far out of line compared with the others
in the plot - perhaps by 3 standard errors or more. Maybe a mistake
was made in diluting that standard, so that the result is erroneous
even though the 3 replicate tubes give consistent counting data. If
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Fig. V.7
Worksheet for Unknowns

Initialization Data (Function UI)
(Irregular Data)

Fig. V.8
Printout of Unknowns

Initialization (Function UI)
(Irregular Data)

Data Item
?L= 9
Y =-25"
?LF <?
Y = -ft

?L= 1
Y = 'H

Explanation
Shifted logit
Dose error (%)

UIUIUIUIU1UIUIUIUIUIUIUI?L=9.eee
Y=-25.888
?L=8.8fl8
Y=-14.888
?L=7.888
Y=-4.888

?L=
Y =

?L=
Y =

?L=
Y =

5

5
?L= 3
Y = -2

?L= 2
Y = -IZ

?L= ?
Y = -2t

A =
Tl =:

IP No

RER parameter
RER parameter
IP and RER printout

Y=1.888
?L=5.888
Y=6.888
?L=4.888
Y=5,888
?L=3.888
Y=-2.988
?L=2.888
Y=-12.888
?L=1.888
Y=-28.888

B=-8.828
T-O QQÛ—£. i BOOn=2.80e
H=18.888

T = Preset time
M = Z Multiplicity
N = lO No. of specimens



V - 21

on the basis of such evidence you considered the specimen as a whole
to be unreliable, you could edit out that specimen by supplying P =
0 in response to that request in the editing routine (see Section
3.1). Then repeat the fitting by accepting FT again.

In this example, no further editing is appropriate at this
time; accept GO.

4. Function UI

The data for unknowns initialization are shown in Fig. V.7.
Provision of L and Y is the only new feature not covered in Section
IV.4.4. These numbers provide the means for modifying the shape of
the standard curve from that automatically fitted (the axis Y = 0 in
the plot of Fig. V.6) to the curve now preferred (the one sketched
close to the standard points). This will be the first method to be
illustrated for coping with the poor fit.

The values of L and Y are derived from the plot in Fig. V.6.
L refers to the shifted logit values, namely the numbers (9, 8,
7...1) printed on the vertical scale. Y is the coordinate on the
horizontal scale at which the sketched curve crosses the horizontal
lines for the respective values of L. Thus for the top line (L =
9), Y = -25; for L = 8, Y = -14, etc. Obviously, the position of
the standard curve is rather uncertain outside the range covered by
the actual data points for the finite standards; you may expect that
a bias will exist in the calculated results on unknowns that lie
outside the range of the finite standards.

After you accept the proposal UI, you will be offered the
message ?L=. Key 9, press |R/S| , and you are offered Y=. Key 25
|CHS| (remember how to key in a negative number, using |gHs| rather
than {_- I (III.3.4) 1), press |R/S| . As the route map shows, you
will be offered these two messages in alternation until you finally
reject ?L= after having entered all the data. You can enter the L
values in any sequence (but of course the Y value next entered must
apply to that L). If you enter a particular value of L a second
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Fig. V.9
Worksheet for Unknowns

Counting Data (Function UA)
(Irregular Data)

Specimen
No.

(Bckd) -1
(Ref) 0

10

11

12

13

14

(Bckd) -
(Ref) 0

Counts

I I

Fig. V.10
Printout of Unknowns Results (Function UA)

(Irregular Data)
URUfiUfiUflUfiUflUflUfiUflUflUfiUR

CT=189
-1 C94.588 E27.3

CT=54818
8 C27485.888 E28.4

CT=39562
e.84

CT=48111te. 82
el.3 Fl U2 HI

HI Xte.818
CT=39781

H2 X8.859

ce.ee
H3 X88.696 E*3.6

CT=39193
8.96

el.8 Fl Ul HI

CT=8
CT=8281
88.76

CT=5698
t388.18
CT=5382
274.91

el.4 Fl U2 H6
4 X293.148 EÏ4.6

CT=li851
42.11

CT=12248
39.58

el.6 Fl U2 H5
5 X48.771 EÏ2.8

C8.88
C8.88
6

CT=e
CT=e

CT=25383
8.65

CT=25992
8.87

el.9 Fl Ü3 H3
7 X8.356 E*1.9

8 X7.699

CT=26181
7.98

CT=26883
7.43

el. 9 Fl U4 H3

CT=19998
14.88

CT=21181
13<22

**e3.2 Fl U18 H14
9 XI 4.823 EX1.8

CT=18884
18.52

CT=18898
18.34

e8.3 Fl U8 H8
!8 X18.428 EX1.8

CT=163
-1 C81.588 EX7.3

CT=53811
8 C26985.588 EX8.4

IPIPIPIPIPIPIPIPIPIPIPIP
*el.5 F6 Ü13 H17

R1.7
TC37882.8
P53.4 R8.7 X8.8 1:13.8
D4..1

<?1.0 Fl Ü1 HI
P48.3 R8.7 X2.3 X4.5
D4.6
P43.1 R8.7 X4.1 22.9
D5.1
P37.9 R8.7 X6.5 Ï2.2
D5.2

*el.9 F2 U7 H6
P32.8 R8.8 X9.6 X2.8
D4.6
P27.6 R8.9 X14.2 X2.1
D4.4

e9.3 Fl U8 H8
P22.4 Rl.l X21.7 *2.8
B4.4
P17.3 R1.2 X36.4 X2.3
D4.7

el.6 Fi U2 H5
P12.1 R1.3 X73.7 5:2.6
B5.6

el.< Fl Ü2 H6
P6.9 R1.4 X388.1 3:4.7
D8.4
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time, the following value of Y will replace the Y value previously
stored for that L. If you enter a value of L outside the range 1 -
9, ?L= will be displayed again. If you skip a value of L, the
program will assume that no correction of Y is necessary for that L,
hence that Y = 0. When ?L= is requested again after you have
already provided all corrections, reject it. Then supply upon
request the values for A and B, reject IP if you wish, and provide
T, M, and N. Accept GO after confirming that you have all entries
correctly made. A correct printout for Function UI is shown in Fig.
V.8.

5. Function UA

The counting data on the unknowns are given in Fig. V.9. They
have been chosen to illustrate various irregular features, which are
now described with reference to the printout in Fig. V.'IO.

(1) Specimen 1 - The result for the second tube is preceded by
a vertical arrow (i). This signifies that the counting rate fell
outside the range acceptable for this measurement; the result is
off-scale. (P is considered acceptable if y = (P - d)/(a - d) lies
within the range 0.05 - 0.95. P values leading to y outside this
range are considered too near to the zero-dose or "infinite-dose"
counting rates to be reliable.) The numerical result given, namely
0.82, is the boundary dose at that extreme of the range; as this is
the lower boundary, the correct value of X for the tube would be
somewhere below 0.82 units. The summary result, calculated from the
mean of the replicates in specimen 1, also is off scale. When the
mean result is off scale, the values found for F, U, and H are not
cumulated.

(2) Specimen 2 - The first tube is off-scale, but the mean
result is on-scale and the values of F, U, and H are cumulated.
Remember, however, the caution in Section 5.4 regarding the
unreliability of unknowns whose concentration lies outside the range
of the finite standards.
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(3) Specimen 3 - Since the first tube was missing, a count of 0
was keyed in on its behalf. As with any counting rate not
significantly above background, this result was rejected without
being evaluated as to analyte concentration; its counting rate
(labelled C), rather than analyte concentration, was printed instead
at the left margin. Since only one tube yielded valid data, the
quantities F, U, and H are indeterminate and are therefore not
printed.

(4) Specimen 4 - The first tube is off-scale, this time at the
other end of the scale. Thus for this tube, X is somewhere above
308 units. However, the second tube and the mean are on~scale.

(5) Specimen 6 - When no tubes provide evidence as to analyte
concentration, the summary printout for the specimen consists of
specimen number only.

(6) Specimen 9 - Unexpectedly large scatter is flagged (**) by
the JC test, and the values of F, U, and H will not be
cumulated. This does not imply that the result is necessarily
useless: an observed error of 6 % (e x E% = 3.2 x 1.8 % = 6 %) is
much greater than expected (1.8 %), but nevertheless it probably
does not compromise the medical usefulness of the result. Actually,
the designation of specimen 9 as an outlier may be inappropriate;
perhaps the RER is generally higher in this batch than assumed, with
the same implications as for standard specimen 7 (Sections 2.2 and
2.3).

(7) Under the banner headline IPIP..., note that F = 6, i.e.
that 10 - 6 = 4 specimens contributed nothing to the cumulation, as
should have been the case: specimen 1 was off scale, specimen 3 was
a singleton offering no evidence about random scatter, specimen 6
gave no counting data at all, and specimen 9 had so much scatter
that one or both of its tubes were considered to be outliers.
Scatter among replicates in the 6 cumulated specimens was rather
high: the e-value of 1.5 is flagged with one asterisk (*).
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Fig. V. 11
Quality Control Check List

Counter Performance

1. Was background stable? (Are all results on background
(specimen numbers -1) consistent roughly within the E %
values printed?)

2. Was counting efficiency stable? (Are all results on
reference sources (specimen numbers 0) consistent roughly
within the E % values printed?)

Reliability of individual specimens

1. Did some specimens show large discrepancies among replicate
tubes? (All specimens with observed CVM's greater than 9 %
are "flagged" with a W preceding the specimen number;
results based on singleton tubes are similarly flagged.)

2. Did some specimens show scatter among replicates that was
statistically unreasonable compared with expectations?
(Such "outlier" specimens are "flagged" with ** preceding e,
the ratio of observed to expected CVM.)

3. Are some of the results on unknowns "off-scale"? (The mean
results for such specimens are "flagged" i^ith an arrow (11).)

Reliability of standard curve

1. Do some of the standard points fall far. from the fitted
standard curve? (Inspect the plot, which shows the apparent
percentage error in concentration of standards relative to
fitted curve (Y = 0).)

2. Do the standard points fall farther from the fitted curve
than is statistically reasonable? (Poor fits are "flagged"
by * or ** preceding F in the variance-ratio test result at
the top of printout on SC. )

Consistency of current and past assay batches

1. Are the parameters of the fitted curve (a, b, c, d)
consistent with values found in previous assay batches?

2. Is the magnitude of the overall random scatter consistent
with expectations based on previous assay batches? (Are the
e values printed in the first line under the banner headline
IPIP... near unity for both standards and unknowns? Are
they flagged as statistically inconsistent with unity?)

3. Is the number of apparent outliers so great (maybe more than
1 - 2 % of specimens flagged "**") as to generate suspicion
that the expected RER is not in fact relevant to this assay
batch?
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(8) Note that the minimum R assumed by the programs was 0.7 %
(at all P values between 53.4 and 37.9), even though the values
assumed for A and B would have given lower values. For example, at
P = 53.5, one would calculate from the formula R = A + BP a value of
0.4 %. This illustrates the previous stipulation (Section IV.4.1.2)
that the program replaces with 0.7 % any value calculated from the
formula R = A + BP to be lower than 0.7 %.

(9) Note that in the fourth "bin" the cumulation is flagged
(*), even though neither of the individual specimens (seen from the
values of X to be specimen numbers 7 and 8) was flagged. Departures
of U/F from unity become statistically more significant as F
increases.

6. Appraisal of quality of results

As results are printed out, and then again finally when the
analysis of an assay batch is completed, the analyst should
systematically review the printout to identify irregularities in the
results. Here is where all the quality control checks built into
the programs have their "pay off", bringing to the operator's
attention defects in the performance of the counter, unreliabilities
in the results on individual specimens, unreliability in the
standard curve, and inconsistencies in assay performance between the
current assay batch and previous similar batches. Of equal value,
when the laboratory supervisor makes this same review, he can
critically and quickly appraise the integrity of the whole assay by
reference to only a few key numbers. Some of the issues that this
review should cover are listed in Fig. V.U.

7. Alternative adjustment of shape of standard curve

We return now to examine the second method available to
accommodate a systemmatically poor fit of the standard curve to the
points, as promised in Section 3,2. In preparation for this, repeat
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now the processing of the counting data through Section 3 (initial
fitting of curve). You may perform standards initialization with
the magnetic cards already prepared in Section 1. Keying-in the
standards data a second time will be good practice; become
comfortable with these procedures while you still have an example to
guide you!

When you are offered GO at the end of Function SC, reject it
and edit the input data for specimen numbers 2 and/or 3 (which are
used as first guesses for a and d, respectively, in the fitting
operation). The hypothesis is that other values for a and/or d
would permit a much better fit to the remaining points, which are
provided by the finite standards. This is a trial and error
procedure, which will initially take some time. It is worth the
effort only in the expectation that, in subsequent routine practice
with this analyte, a standard sort of adjustment is required every
time: after its nature has once been identified by trial and error,
it can be introduced for all such assays at the beginning of curve
fitting. Remember, adjustments of curve shape can be confidently
accepted only when successive assay batches of the same type
consistently show the same systematic discrepancy between points and
fitted curve.

Parameter d affects predominantly the bottom end of the curve
in Fig. V.6, while parameter a affects predominantly the upper end.
Typically the NSB result (d in the case of "bound counts") is the
least relevant, and should be sacrificed first. When the end of the
curve shows a negative value of Y (i.e. is left of center), a larger
value of the corresponding parameter tends to improve the fit; when
positive (i.e. right of center), a smaller value is normally
required.

One theoretically attractive strategy for finding improved
values of a and d is simply to remove the constraint that the fitted
curve should go near to the initial guesses. This is done by
editing in a large error (E %) for the results on specimens 2 and 3:
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Fig. V. 12
Printout of Standard Curve (Function SC)

(Irregular Data)

6 P35.
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3 P6.
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a57.28
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6.0
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in response to P=, provide the observed P, but in response to E %=,
provide 999. In practice this strategy is not very useful, because
when FT is then accepted, the convergence to the new improved values
during the fitting calculations is slow and the calculations might
run on for hours. A better strategy is to alter P substantially (in
the required direction) in addition to setting E % = 999. Then
accept FT, stop the calculation after about 5 minutes (by setting %
= 0 as explained in Section IV.4.3.2), print out the fitted curve,
and determine whether the next guesses for a and d should be higher
or lower. Then repeat. Two or 3 such cycles of trial and error
should suffice to yield a good fit.

Fig. V.12 shows the conclusion of such a trial and error
session. Since both ends of the curve in Fig. V.6 are negative, the
P values for specimens 2 and 3 were edited to be larger (and E % for
each was set equal to 999). In the first attempt (not shown), P for
specimen 2 was increased by 50 % relative to its nearest neighbour
(specimen 4) - hence to P = 59. Similarly, P for specimen 3 was
shifted half way to its nearest neighbour (specimen 9) - hence to P
= 8. Upon terminating the fitting process after about 5 minutes,
and allowing the resultant curve to be plotted out, it was apparent
that these values bent the curve in the reverse direction: the
guesses were too high. The alterations were cut in half (to P = 57
and P = 6, respectively, as displayed at the top of Fig. V.12), and
fitting repeated. Upon terminating the calculation again after
about 8 minutes because convergence was still apparently not being
achieved (the display showed % = ~6), the curve in Fig. V.12 was
plotted out. We now see that even though the magnitude of the
reduction in V from one fitting cycle to the next was still large
(-6 %), nevertheless V is already much less than 1 and the fit is
very good. V could undoubtedly be made substantially smaller by
continuing the calculations, but it is already improbably small by
the variance-ratio test (p^90 % from Appendix 3) and further
fitting would be frivolous. We therefore accept GO when it is
proposed and recalculate the unknowns.



V - 32

Fig. V.13
Printout of Unknowns Initialization (Function SI)

and Unknowns Results (Function SA)
(Irregular Data)

UIUIUIUIUIUIUIUIUIUIUIUI
fl= 1.588
B=-8.828

(1=2.898
N=18.088

UfiUfiUPUfiUflUfiUflUfllJfllJPUfi'dfi

CT=189
-1 C94.588 E*7.3

CT=54818
e C27485.888 E*e.4

CT=39582
8.92

CT=48H1
8.72

el. 3 Fl 112 Hi
Hi X8.815 EX9.8

CT=3<?781
8.85

CT=39193
1.82

el.8 Fl Ü1 HI
K2 Xfi.934 E*8.7

C0.88
CT=8

CT=8281
90.72

H3 X98.719 R4.9
CT=5998
tI85.45
CT=5382
1185.45

el.4 Fl Ü2 H6
4 Xtl85,448

CT=11851
41.82

CT=12248
39.23

el.6 Fl U2 H5
5 X40.491 EX2.9

C8.88

C8.88
6

CT=e
CT=8

CT=25383
8.63

CT=25992
8.84

el.9 Fl U3 H3
7 X8.338 EX1.9

CT=26181
7.94

CT=26883
7.38

el.9 Fl U4 H3
8 X7.É56 c?:2.9

CT=19998
Î4.97

CT'21101
13.33

**e3.2 Fl UÎ8 H14
9 X14.128 EX1.8

Î8.59
CÏ=Î8898

18.42
e6.3 Fl U8 H8

18 X18.586 E3S1.8

-1 C81.S86 R7.8
CT=53811

0 C26985.598 EX9.4

IPIPIPIPIPIPIPIPIPIPIPIP
el.4 F6 U12 H12

R1.4
TC37882.8
P54.7 P8.7 X8.6 X15.4
D4.8

el.2 F2 U3 HI
P49.6 R8.7 XI.9 :<5.2
D4.4
P44.5 R8.7 X3.6 0.2
D5.8
P39.3 R8.7 X5.7 0.3
D5.4

*el.9 F2 U7 H6
P34.2 R8.8 X8.6 'x.2.1
D4.7
P29.1 R8.9 X12.8 X2.1
D4.4

e8.3 Fl U8 H8
P24.8 R1.8 X19.2 *2,8
D4.3
P18.8 Ri.l X38.6 X2.1
B4.5

el.6 Fl U2 H5
P13.7 R1.2 X56.9 >;2,5
B5.2

P8.6 R1.3 XÎ85.4 Î54.6
B7.1



V - 33

The results for the unknowns are shown in Fig. V.13. Upon
comparing these results with those obtained (Fig. V.10) following
the alternative adjustment, it is seen that within the range of the
finite standards (X in the range 2 - 64), agreement is very close,
whereas outside this range (where neither adjustment scheme is
reliable) it is poor.

The point of this possibly tedious trial and error search for a
better fit to the finite standards is to identify a quick adjustment
strategy for the next measurements of this analyte. If we are
indeed confronted with a systematic mismatch between model and
reality for this assay, then analogous alterations of P for
specimens 2 and 3 could be introduced before starting fitting for
the following batches. For example, for specimen 2, P could again
be elevated by an amount equal to 1/3 of its separation from its
nearest neighbour (specimen 4), and for specimen 3, P could again be
increased by 1/4 of its separation from its nearest neighbour. The
exact values of a and d are not critical, because the fitting
process also makes adjustments in the other 2 parameters, b and c,
that compensate for differences in a and d.

Exactly this same search procedure can be used, for example,
when NSB tubes are not prepared and an invented value of P for
specimen 3 is needed.

This completes the analysis of an example containing numerous
irregularities in the data.
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Chapter VI - Supplementary Functions for Analysis of
In-Vitro Assay Counting Data

This Chapter describes the use of 2 supplementary sets of
Functions that aid in the analysis of in-vitro assay counting data.
The first set, carried by PROGRAM AB (in conjunction with PROGRAM IV),
provides for the determination of the constants A and B of the RER
from the data on H (and associated F) collected in one or several
assay batches. The second is Function CP (for "curve parameters")
carried in the RIA program set (specifically in PROGRAM IV and PROGRAM
AM). It provides for direct entry into the calculator of the
previously determined parameters of a fitted standard curve, plus
associated information, in order that the RER, IP, or unknowns results
can be deduced without repeating the entry of the standards counting
data and fitting of the curve.

1. Determination of constants A and B (PROGRAM AB)

As explained in Section II.2.11, while processsing counting data
on replicate tubes, the calculator deduces the apparent random errors
(R) of non-counting-statistics origin underlying the replicate
results. These are preserved in the quantity labelled H (together
with its degrees of freedom F) for each replicate set and in various
cumulations thereof. When appropriately analyzed, these individual or
cumulated H values yield an estimate of R as dependent on P. This is
the RER as found for assay batches that have already been processed,
and it may be taken as the RER expected for future assay batches that
are processed similarly. To these data of R vs. P is fitted a
straight line defined by 2 constants, A and B; thus R = A + BP
(Section II.2.12). PROGRAM AB provides for the determination of A and
B from the accumulated data by a weighted least-squares regression.

Provision is made for (1) keying in the essential data (P, F, H)
from an assay batch, (2) calculating therefrom the constants A and B
for that batch, (3) recording the accumulated data on a magnetic card,
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Fig. VI.l
Programs IV, AM, and AB: Configuration of Calculator
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(4) entering from magnetic cards data already recorded for previous
assay batches, and (5) finally calculating values of A and B from the
totality of cumulated data.

To make space for PROGRAM AB in the calculator, PROGRAM L must be
cleared out (using |CLP[ (key 11) followed by the name (L) of the
program to be cleared). Then PROGRAM AB may be read in from magnetic
cards (4 sides) or from the bar-code in Appendix 4 with the aid of the
Optical Wand. The configuration of the calculator when it thus
contains PROGRAM'S IV, AM, and AB is shown in Fig. VI.1. In this
configuration the calculator can still perform Functions SI, SA, UI,
and UA (i.e., all of the routine RIA Functions except SC), plus
Function CP, in addition to the 3 Functions carried by Program AB. To
return to the full set of RIA Functions, Program AB must be cleared
out and Program L read back in.

1.1 Route map
The route map for the necessary set of Functions is shown in Fig.

VI.2. There are 3 Functions in the set: KY (= key), allowing for
values of P, F, and H to be entered through the keyboard; CD (=
card), allowing for data previously recorded on magnetic cards for one
or more assay batches to be entered into the cumulation; and CM (=
cumulation), which calculates weighted values of A and B from the
cumulation of data that have been entered. Function KY is offered
when |AB| (key -25) is pressed; thereafter successive rejections cycle
the 3 Functions. Thus, whenever any one of these Functions is
proposed, you can quickly proceed, by successive rejections, to either
one of the other two if it is more appropriate for your purpose. In
this way you could, if you wished, call in Function KY for cumulation,
through keyboard entry, of several assay batches in succession.

In Function KY, the first request, BN=, is for the batch number
identifying the forthcoming set of data. The next proposal, P=, calls
for input of the value of P at which the following values of F and H
were collected. Then come in turn the requests F= and H= for input of
these numbers. (To assist you in keeping your place as you key in the
data, the proposal F= in the display is attached to your response to
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P=, and the proposal H= is attached to your responses to both P= and
F=). If you reject either proposal F= or H= by pressing |R/SJ before
keying in a number, the message P= will reappear. If you reject P=,
signifying that no more entries remain to be made, the proposal
RDY 01 OF 01 is made: you are invited to record the information now in
the calculator on an (unprotected) magnetic card to be used in future
cumulations. Then comes GO with its usual role. If you reject it,
you are led back to the beginning of Function KY to edit your input.
If you accept it, the batch number and the derived values for A and B
are printed and you are offered Function CD.

If you accept Function CD, the first proposal is CARD: you are
invited to feed in a magnetic card carrying data previously recorded
after using Function KY on an earlier assay batch. If you accept the
proposal by feeding in such a magnetic card, its batch number and the
values for A and B for that batch are printed. Thereupon you are
invited (CARD) to feed in data for another assay batch, etc. When you
finally reject CARD after completing entry of data for all relevant
earlier batches, GO is offered with its usual role.

Function CM, if accepted, prints out all the batch numbers that
have been entered, with the weighted values of A and B deduced from
the totality of their data. Thereupon Function KY is offered again.
Note that prior to activating Function CM you may cumulate up to 12
assay batches, but the calculator will not accept more than 12. These
12 may be apportioned as you desire between the 2 input routes,
keyboard or magnetic cards.

1.2 Entry of data using Function KY
The data required for Function KY as yielded by the example of

Chapter IV are collected in Fig. VI.3. The first 8 sets of data
represent standard specimens 2-9, respectively, and are taken from
Fig. IV.10. The last 3 represent the binned unknowns, taken from the
table at the end of Fig. IV.19. For these latter entries, P is taken
as the mean of the bin boundaries; actually, its exact value is not
critical, and averaging the bin boundaries "by eye" would be just as
good. A printout of data correctly entered as described below is
shown in Fig. VI.4.
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Fig. VI. 3
Input Data for Function K.Y
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Fig. VI. 4
Printout of Program AB
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Now press AB (key -25), accept KY, provide the batch number,
then provide in turn P, F and H for the first specimen. The values
keyed in are printed, along with their implicit R (= H/F). Continue
with P, F, and H for the following specimens until all entries have
been made. If you make any mistakes in your keying operations, they
may be corrected as shown in Fig. VI.5 (whose logic is fully
consistent with the error correction procedures of Fig. III.8 and Fig.
IV.11). When all the data have finally been keyed in correctly,
reject the next request for data P=, record the stored data on an
unprotected magnetic card in response to the proposal RDY 01 OF 01,
label the card, and accept GO. The following proposal is CD. It may
be noted in passing that the values derived for A (6.29) and B
(-0.144) appear rather different from the values assumed (A = 3, B =
0). However, over the central range of the assay they yield rather
similar values of R (see Section 2).

1.3 Entry of data using Function CD
This Function can be illustrated using the magnetic card just

prepared. (Of course, it is artificial to enter the same set of data
twice, although this could be done to give double weight to a
particular assay batch; normally one would feed in a card carrying a
different set of results from an earlier batch.)

Accept the proposal CD, then accept the proposal CARD by feeding
in the card just prepared in Section 1.2. The information stored on
it is printed out, and you are offered the proposal CARD again. In
this illustration of procedures, feed in the same batch of data from
the same card yet again. Now accept GO.

1.4 Cumulative RER parameters using Function CM
When the proposal CM is accepted, all batch numbers are printed

out, followed by the weighted values for A and B deduced from the
totality of stored data (Fig. VI.4). In this example, since for
convenience the same data were stored 3 times (once through the
keyboard, twice from a card), the same protocol number is printed out
3 times and the cumulative values for A and B are of course the same
as for the individual sets.
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Fig. VI.5
Correction of Keying Errors in Function KY

1. If keying error recognized before |R/SJ pressed, clear error as
usual withREDor (SHIFTJ (CLx| , key in correct data and proceed
normally.

2. If keying error recognized after |_R/SJ pressed but before printout
of erroneous line of input, reject following request (F= or H=),
whereupon P= is offered. Key in data again (but correctly) and
proceed normally.

3. If keying error recognized after printout of erroneous line of
input, the erroneous data have been cumulated and must be removed
from cumulation as follows: key in same (erroneous) values of P, F,
and H again, except make the value of F negative (with [CHEJ). After
printout, key in data again (correctly this time) in normal manner.

4. If you become hopelessly entangled, you may at any time start over
by pressing [AB| (key -25); this clears all relevant registers and
offers KY anew.
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The proposal KY is next offered. If more data are entered in
response, they will add to the cumulation already stored. If this is
not desired, initiate the Function set again by pressing [ AB| (key
-25); this erases the cumulation and starts anew.

1.5 Handling of outliers
Two different perspectives from which to identify outliers have

been discussed in Section V.2.2, and these perspectives apply in the
present context. In deriving the parameters A and B, the objective is
to characterize random scatter, not gross errors (outliers). However,
the analyst could greatly overestimate the precision of his assay if
his common practice were to retain only the specimens whose replicates
showed good agreement and discard the restl It would seem treacherous
to discard as outliers more than 1 or 2 specimens out of 100. If more
apparent outliers were indeed rejected, it might be wise to enter some
of them into the cumulation again through the keyboard prior to
calculating A and B.

2. Function CP

Function CP is useful if one wishes to enter a standard curve
into the calculator after its parameters have been derived, but
subsequently cleared from the calculator. This could be required, for
example, to process the data on more unknowns from the same batch, to
see what the HER and IP would look like if different values of A and B
were assumed, to estimate optimum counting times for a particular set
of conditions, etc.

The route map is shown in Fig. VI.6. It is very simple. You are
invited to key in in turn the 4 curve parameters (a, b, c, d), then
the total-activity counting rate that is relevant to your present
interests, and finally the background. At GO you have a chance to
edit these in a second pass through the loop, or to proceed to
Function UI.
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Fig. VI.6
Route Map: Function CP

CP (key -21)

a=
(Curve parameter)

b=

(Curve parameter)
I

c=
(Curve parameter)

d=

(Curve parameter)

TC=
(Total activity
count rate)

BC=
(Background
count rate)

UI
(Unknowns
initialization)

GO
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Let us use CP now to see what sort of RER and IP would result if
the values derived for A and B in Section 1.2 were used instead of the
values assumed in the example of Chapter IV. The appropriate input
data are collected in Fig. VI.7. They are the curve parameters
deduced and printed in Fig. IV.13, the TC value from Fig. IV.19 (which
is identical to the mean counting rate on specimen 1 in Fig. IV.10),
and the first background in Fig. IV.10.

Key jCPJ (key -21), supply the data requested, accept GO, accept
UI, reject ?L=, and provide A = 6.29 and B = -0.144 as derived in
Section 1.2 for the results in Chapter IV. Now accept IP, and the RER
and IP are printed out as shown in Fig. VI.8. These are the RER and
IP actually observed in the example of Chapter IV. The tabulation
previously printed in Fig. IV.19 gives the RER and IP expected at the
time the data were originally entered. Whether the one or the other
is a better description of this assay batch depends once again on
which of the 2 perspectives described in Section V.2.2 is more
relevant. In any case, the values of A and B determined in Section
1.2 would presumably contribute their evidence to the expectations for
the next batch; using Program AB, they would be merged with the
previous evidence to give an updated expected RER. They would weigh
heavily if the previous evidence was scanty, or only lightly if the
previous evidence was taken from many assays.

Were it desired, unknowns initialization could now be completed
and additional unknowns processed. If the same unknowns data were now
reentered, they would give results very similar but not identical to
those found in Chapter IV, since the values for a, b, c, and d have
been slightly altered by rounding (i.e., only 2 decimal places were
retained in the printout of Fig. IV.13).
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Fig. VI.7
Input Data for Functions CP, UI

Fig. VI.8
Printout of Functions CP, UI

a= 3 ±.

b= / , Olf.

CPCPCPCPCPCPCPCPCPCPCPCP
a=34.84e
b=1.848
c=13,5te
d=2,669

TC= SOOOS
BC=

?L=
Y=

?L=
Y=

?L=
W —

?L=
Y—

?L=
Y=

?L=
V —

?L=
Y=

?L=
Y=

?L=

Ü I U I U I Ü I U I U I Ü I U I U I U I Ü I Ü I
fi=6,298
B=-e,144

P32.5 RI .6 Xe.3 X33,8
D1.6

P29.3 R2.1 X2.5 *14.6
D l . l

P26.2 R2.5 X4.7 *18.8
D9.3

P23.1 R3.0X7.4 •/.?. 2
D8.7

P19,9 R3.4 X Î L 1 558.4
D6.6

P16.8 R3.9 X16.4 X8.1
De. 5

P13,6 R4,3 X24.5 Ï8.H
B8.5

P18.5 R4.8 X38.9 *8,2
D6.6

P7.4 R5.2 X71.6 US. 3
D6.7

P4.2 R5.7 X229.Î U5.5

A-

IP Vei



Al - l

Appendix l
Glossary of Symbols in Calculator Display and Printout

This Appendix defines and gives the primary reference to symbols
and messages that are used in the calculator display or printout for
RIA programs. It does not include symbols used only in the training
program or only in the documentation.

Section 1 is a list of those symbols and messages containing
letters, arranged alphabetically. Section 2 is a list of
non-alphabetical symbols.
1. Letter symbols and messages

Symbol Reference
A II.2.13

AB

BC

BN

CARD

II.1.5

VI. 1

II.2.13

II.1.5

VI. 2

IV.4.1.1

II. 1.1

II.1.5

III.4.4.6

Meaning

CARD
ERR

Card Reader
Handbook App.B

One of the 2 parameters defining the
response error relationship (RER):
R = A + BP.

One of the 4 parameters defining the
shape of the "4-parameter-logistic"
standard curve.

Name of Program used to deduce constants
A and B.
One of the 2 parameters defining the
response error relationship (RER):
R = A + BP.

One of the 4 parameters defining the
shape of the "4-parameter-logistic"
standard curve.
Background counting rate (counts/minute).
Batch number, a number invented to
identify an individual assay batch.

Counting rate (counts/minute).
One of the 4 parameters defining the
shape of the "4-parameter-logistic"
standard curve.

Proposal that a magnetic card carrying
initialization data be fed into
calculator. If the data occupy more
than 1 side, further messages of, e.g.,
RDY 02 OF 03 will follow.

Error message. Inconsistency
regarding magnetic card.
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CD VI.1.1 A Function ("Card") that allows RER
data previously recorded on a magnetic
card to be read back into calculator.
Route proposal to activate this
Function.

CLP III.4.3 A calculator function used to clear a
Program out of memory.

CM VI.1.1 A Function ("Cumulation") that
calculates A and B from cumulative data
now in calculator. Route proposal to
activate this Function.

CP VI.2 A Function ("Curve Parameters") that
allows reinsertion into the calculator
of the parameters defining a previously
fitted standard curve. Route proposal
to activate this Function.

CT IV.4.2.1 Counts recorded on a tube (including
background).

D IV.4.4.3 Duration (minutes) of counting required
to reduce counting-statistics error to
half of non-counting-statistics error.

d II.1.5 One of the 4 parameters defining the
shape of the "4-parameter-logistic"
standard curve.

DATA Calculator Error message. Calculator attempted to
ERROR Handbook App.E perform an invalid operation.

e II.2.15 Ratio of observed to expected CVM
(weighted mean value in case of
cumulations).

E% IV.4.2.3 Expected CVM (coefficient of variation
of\nean result - see also II.2.10)
expressed as a percentage.

F II.2.7 Number of degrees of freedom.

FT IV.4.3.1 Route proposal offering to fit standard
curve to data now in calculator.

GO III.4.4.3 Route proposal offering to proceed to
next Function (after completing
calculations in present Function, if
relevant).

H II.2.11 Weighted R2 (or cumulation of
weighted R2 values).
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IP II.2.13, IV.4.4.2

IV

K

?K=

KY

IV. l

IV.4.1.1, IV.4.2.l
IV.4.3.1
IV.4.1.1, IV.4.2.l
IV.4.3.1

VI.1.1

?L=

M

IV.4.4.1, V.4

IV.4.4.l, V.4

IV.4.1.1, IV.4.4.1

MALFUNC- Card Reader
TION Handbook App.B

N IV.4.1.1, IV.4.4.1

NONEXIST- Printer
ENT Handbook App.B,

Calculator
Handbook App.E

OUT OF Fig. III.8,
RANGE Calculator

Handbook App.E

II.1.2

PACKING Calculator
Handbook App.E

Imprecision profile. Route proposal
offering to print tabulation of
response error relationship (RER) and
imprecision profile.
Name ("In Vitro") of initial Program
carrying the routine RIA Functions.

Index number of standard or "unknown"
specimen (e.g. K=l implies specimen 1).
Request for entry of value for K.
(Question mark indicates answer is
optional.)
A Function ("Key") that allows RER data
to be entered through keyboard for
determination of A and B. Route
proposal to activate this Function.

One of the digits 1-9 identifying
shifted logit value at left margin of
plot of standard curve.

Request for entry of value of L.
(Question mark indicates answer is
optional.).
Multiplicity (number of replicate tubes
per specimen).

Error message. Card reader did not
function correctly.
Number of standard or unknown specimens
(not tubes) to be counted.

Error message. Something required is
not available - e.g., printer not
attached, Program not stored, data
register not included in present SIZE.

Error message. Number too big for
calculator. In these programs, an
error message generated by keying
sequence JR/l, digits, JR/S| (which aborts
calculation).

Normalized counting rate (counting rate
as a proportion of total-activity
counting rate).

Program memory is being packed. You
must wait until operation completed.
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PL

R

RDY 01
0F 03

SA

SC

SI

UA

UI

W

IV.4.1.1

II.2.11

IV.4.1.1,
Card Reader
Handbook App.B

IV. l

IV. l

IV. l

T IV.4.1.1

TC IV.4.4.3

U II.2.15

IV. l

IV. l

II.2.18

V.2.l

WORKING Card Reader
Handbook App.B

Protocol number. Decimal part of batch
number identifying analyte and protocol.

Coefficient of variation (%) of counting
rate on set of replicate tubes as
attributable to all random errors except
counting statistics (according to
context, either observed on replicate
set, or expected from RER).

Proposal to write contents of data
registers on magnetic card (e.g., in
this example first of 3 sides required).

A Function ("Standards Analysis") that
processes counting data on standards.
Route proposal to activate this Function.
A Function ("Standard Curve") that fits
a standard curve to data on standards.
Route proposal to activate this Function.
A Function ("Standards Initialization")
that organizes initialization data on
standards. Route proposal to activate
this Function.

Preset counting time (minutes).

Counting rate of total-activity standards

A quantity expressing relationship
between observed and expected CVM
(individual specimen or cumulation of
specimens). Has properties of jC in
OC^ tables (Appendix 2).

A Function ("Unknowns Analysis") that
processes counting data on unknowns.
Route proposal to activate this Function.

A Function ("Unknowns Initialization")
that organizes initialization data on
unknowns. Route proposal to activate
this Function.

A measure of lack of fit between
standards points and fitted curve.

Warning: the result either reflects a
single counting tube only, or has an
observed CVM exceeding 9 %.

An internal operation of calculator.
You must wait until it is completed.
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X II.1.4

X2 IV.4.1.1

IV.4.4.1, V.4

Concentration of analyte.

Concentration of analyte in standard
spécimen 2. (Other standards
identified analogously.)

Percentage error in apparent
concentration of standard, as read off
fitted curve.

2. Non-letter symbols
Symbol Reference

Fig. III.5

? Fig. II.8

% IV.4.4.3

%= IV.4.3.2

* Fig. V.5

** Fig. V.5

Fig. V.5

V.5

Meaning

Attached after another symbol to
indicate request for input of that data.

Following request for data is optional
(see ?K=, ?L=).

CV of X in imprecision profile (note
not CVM of X). (See also E%).

Percentage by which V has been reduced
in last cycle of calculation to fit
standard curve.

"Flag" indicating that jC 2 or
variance-ratio test yields p in range
5 % - 0.3 %. Results are rather
inconsistent.

"Flag" indicating that X2 or
variance-ratio test yields p 0.3 %.
Results are very inconsistent, data
considered to reflect "outliers".

"Flag" indicating that X2 test
yields p>95 %. Results are
unreasonably consistent.

Result is off-scale; following number
is corresponding limit (lower or upper)
of the working range of the assay.
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Appendix 2

Chi-Square (X2) Test and Tables

The JC 2 test, cited in Section II.2.15, quantifies the
probability that the degree of scatter observed among a set of
replicate results is compatible with the degree of scatter in the
population from which the replicates are believed to come. In other
words, it expresses the likelihood that observed scatter is/V 7consistent with expected scatter. X tables give the
relationship among 3 quantities: (1) the number of degrees of
freedom (F in these notes) in the observed data - roughly speaking,
the number of independent items of data that can scatter with
respect to each other, (2) X2 (U i-n these notes), which
quantifies how much scatter relative to expectations is present, and
(3) p, the probability of finding a value of X2 (or U) as large
as this if only the sources of expected error have influenced the
results. Given any 2 of these quantities, the third can be read
from the tables. In our usage, we normally wish to find p for the
values of F and U printed by the calculator.

[)£ 2 tables are given in Fig. A2.1. Values of F ranging (with
some gaps) from 1 to 100 are listed in the left-most column. Values
of p, ranging (with some gaps) from 99.5% to 0.1%, are given in the
top row. The values of X2 corresponding to particular values of
F and p are found at the intersection of the corresponding rows and
columns. For example, if F = 2 (as for a triplicate specimen) and p
= 0.1%, then X2 = 13.81. If F = 70 (for example, the cumulation
of results on 70 duplicate specimens) and X - 85.53, then p =
10%. The only difficulty in using the tables is that interpolation
is required, usually in 2 dimensions. For example, if F = 74 and
X = 108, neither of these numbers is found in the tables. While
a mathematical interpolation could be performed, exact results are
not required. One can run his eye along the rows for F = 70 and
F = 80, or in his imagination about half way between these rows, and
deduce that p lies between 1% and 0.5% - evidently p~0.6.

The calculator also, in determining the p value and therefore
the appropriate flag for a particular specimen or cumulation of
specimens, interpolates only approximately. However, the accuracy
of its interpolation is entirely good enough, for practical
purposes, up to F values well beyond 100."

In interpreting the DC ̂  test, it is important to note that,
to a very close approximation, 3C2 = F at p = 50%. In other
words, when the results conform to expectations, the quantity e
(= VU/F) R;l. The larger is F, the closer will e lie to 1 at

JU One particular error may nevertheless be noted: for F = 1, the
calculator should flag as giving p>95% any value of OC2 <0.0093
(i.e., any value of e (= Y U/F") less than 0.06), but it fails to do
so. This is of no practical consequence, since one would never act
upon the evidence of improbably low scatter in a single duplicate
specimen. Cumulations of duplicate specimens are handled
satisfactorily.
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Fig. A2.1
Chi-Square ( X 2) Tables

F
i
2
3
4

5
6
7
8
9

IO
ii
12
*3
14
15
16
17
18
19

20
21
22
23
24

»S
26
27
28
29

30
40
So
60

70
80
90

IOO

99-5
0-0*393
o-oioo
0-0717
0-207

0-412
0-676
0-989
1-34
1-73

2-16
2-60
3-07
3-57
4-07

4-60
5-14
5-70
6-26
6-84

7-43
8-03
8-64
9-26
9-89

10-52
11-16
11-81
12-46
13-12

I3-79
20-71
27-99
35-53

43-28
51-17
59-20
67-33

99
o-o3i57
0-0201

0-IJ5
0-297

0-554
0-872
1-24
1-65
2-09

2-56
3-os
J-57
4-11
4-66

5-23
S'Si
6-41
7-01
7-63

8-26
8-90
9-54

10-20
10-86

11-52
I2-2O
12-88
13-56
14-26

14-95
22-IÔ
29-71
37-48

45-44
53-5461-75
70-06

97-5
o-o3982
0-0506
0-216
0-484

0-831
1-24
1-69
2-18
2-70

3-253-82
4-40
5-01
5-63

6-26
6-91
7-56
8-23
8-91

9-59
10-28
10-98
11-69
12-40

13-12
13-84
14-57
15-31
16-05

16-79
24-43
32-36
40-48

48-76
57-15
65-65
74-22

95
0-00393
0-103
0-352
0-711

I-I5
1-64
2-17
2-73
3-33

3-94
4-57
5-23
5-89
6-57

7-26
7'96
8-67
9-39

IO-I2

ÏO-85
11-59
12-34
13-09
13-85

14-61
IS'38
16-15
16-93
17-71

18-49
26-51
34-76
43-19

Si'74
60-39
69-13
77-93

10

2-71
4-61
6-25
7-78

9-24
10-64
12-02

Ï3-36
14-68

15-99
17-28

18-55
19-8l
21-00

22-31

23-54
24-77
25-99
27-2O

28-41

29-62
30-Sl
32-01

33-20

34.38
35-56
36-74
37-92
39-09

40-26
51-81
63-17
74-40

85-53
96-58

107-6
118-5

•5
3-84
S'99
7-81
9-49

11-07
12-59
14-07
15-51
16-92

18-31
19-68
21-03
22-36
23-68

25-00
26-30
27-59
28-87
30-14

31-41
32-67
33'92
35-17
36-42

37-65
38-89
40-11
4^34
42-56

43-77
SS'76
67-50
79-08

90-53
101-9
113-1
124-3

2-5
5-02
7-38
9-35

11-14

12-83
I4-45
16-01
17-53
19-02

20-48
21-92
23-34
2^-74
26-12

27-49
28-85
30-19
Si'53
32-85

34-17
35-48
36-78
38-08
39-36

40-65
41-92
43-19
44-46
45-72

46-98
59-34
71-42
83-30

95-02
106-6
118-1
129-6

i
6-63
9-21

11-34
13-28

15-09
16-81
18-48
20-09
21-67

23-21
24-73
26-22
27-69
29-14

30-58
32-00
33-41
34-8 1
36-19

37-57
38-93
40-29
41-64
42-98

44-3I
45"64
46-96
48-28
49-59

50-89
63-69
76-15
88-38

100-4
112-3
124-1
135-8

0-5
7-38

10-60
12-84
14-86

i6-75
iS-55
20-28
21-95
23-59

25-I9
26-76
28-30
29-82
Si'32

32-80
34-27
35'"2
37-16
38-58

40-00
41-40
42-80
44-18
45-56

46-93
48-29
49-64
50-99
52-34

SS'67
66-77
79-49
91-95

104-2
116-3
128-3
140-2

o-i
10-83
13-81
16-27
18-47

20-52
22-46
24-32
26-12
27-88

29-59
31-26
32-91
34-53
36-12

37-70
39-25
40-79
42-31
43-82

45-31
46-80
48-27
49-73
51-18

52-62
54-05
55-48
56-89
58-30

59-70
73-40
86-66
99-61

112-3
124-8
137-2
149-4
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any given p value. Stated another way, the larger is F, the more
worrisome are departures of the value of e from 1. Or stated yet another
way, the larger is F, the more confidently can one detect small
abnormalities in the behaviour of the assay. The jC test is just
common sense - but quant ifiedl

The calculator applies the JC ̂ test to every pair of F and U values
that it generates, and flags the associated e values according to the
ranges of p shown in Fig. V. 5 . The X^ tables in Fig. A2.1 do not
actually show the OC 2 values for p = 0.3%. They are slightly larger
than the values shown for p = 0.5%.
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Appendix 3

Variance-Ratio Test and Tables

The variance-ratio test, cited in Section II.2.18, tests whether 2
independent estimates of variance are consistent with each other, i.e.,
whether the data underlying these variances could plausibly have been
drawn from the same population. One variance regarding the standards
points relates to the scatter of individual replicates about their
respective means. A second relates to the scatter of the mean points
about the fitted curve. The first type of scatter will obviously produce
the second type of scatter, even if the standard curve were a perfect fit
to the population means of the standards. The variance-ratio test
compares the ratio of the second variance to the first, with due
allowance for their respective degrees of freedom, which are different.
If the second is much bigger than the first, merely the scatter among
replicates could not account for it; some other cause of poor fit would
also have to be operating (e.g., the 4-parameter-logistic model might be
inappropriate for this type of assay). On the other hand, if the second
is not much bigger than the first, the curve fits the data points as well
as could be expected, given the observed scatter among replicates. The
variance-ratio test quantifies the probability (p %) that the first type
of observed scatter could fully account for the second type of observed
scatter.

A simplified set of variance-ratio tables is given in Fig. A3.1.
These tables already allow for the fact that the variance about the means
of the points (i.e., the first variance above) has 4 more degrees of
freedom than the variance about the fitted standard curve (i.e., the
second variance above), since 1 degree of freedom is lost for each of the
4 adjustable parameters in the fitting process. The F values tabulated
in the left column are the number of degrees of freedom for the second
variance (i.e, the same F as is printed by the calculator just above its
plot of the standard curve). The p values are given in the top row. The
numbers at the intersection of row and column are the corresponding
values of the variance ratio V, as also printed just preceding the plot
of the standard curve.

For example, in Fig. V.6 the fitting process yielded F = 3, V =
6.08. Using the variance-ratio tables of Fig. A3.1 for F = 3, it is
clear that V = 6.08 lies about half way between 4.35 (giving p = 5%) and
8.45 (giving p = 1%). Hence in this example, pîu3%.

Note that, analogous to e. in the JC ̂  test, V=l corresponds
(approximately) to p = 50%. In other words, if the model is appropriate
to the assay, V tends toward a value near 1.

When the calculator applies the variance-ratio test to the fitted
standard curves, it generates a flag preceding F according to the p value
shown in Fig. V. 5 (except that for this test, values of p>95% are not
flagged). The values of V for p = 0.3% are not actually included in Fig.
A3.1; however, they lie approximately half way between the values for
p = 1% and p = 0.1%.
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Fig. A3 o l

Variance-Ratio Tables

F

l

2

3

4

5

6

7

8

95%

0.004

0.05

0.11

0.17

0.21

0.25

0.28

0.30

80%

0.07

0.23

0.34

0.40

0.45

0.49

0.52

0.55

20%

2.18

2.13

2.03

1.92

1.86

1.80

1.74

1.69

5%

6.61

5.14

4.35

3.84

3.48

3.22

3.01

2.85

1%

16.26

10.92

8.45

7.01

6.06

5.39

4.89

4.50

0.1%

47.18

27.00

18.77

14.39

11.71

9.93

8.66

7.71
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Appendix 4
Bar-Code for Programs

This Appendix contains the bar-code for all programs described in
these notes. The programs may thus be read into the calculator with
the Optical Wand, as described in the Wand Handbook.

Note the following points in particular:
(1) To prevent disfigurement of the bar-code by repeated abrasion

with the tip of the Wand, always scan through a sheet of plastic
overlying the page.

(2) Correct handling of the Wand will reduce the number of
unsuccessful scans across a row of bar-code; follow the suggestions of
the Wand Handbook.

(3) The rows of code can be read in either direction. It is
simplest to read the first row from left to right, the second from
right to left, etc. With a little practice using this back-and-forth
movement it is possible to read the code at the average rate of about
1 row per second.

(4) Before storing programs in the calculator, be sure the
appropriate Status conditions are established. This is accomplished
by reading the Status bar-code preceeding the respective program sets.

(1) Status for PROGRAM AR (and associated PROGRAM T)

(2) Status for PROGRAM IV (and associatedPROGRAM'S AM, L, AB)
Once a particular Status is established, it remains until explicitly
altered. For example, when substituting PROGRAM AB for PROGRAM L, or
vice versa, it is not necessary to store the relevant Status
information again.

(5) Remember that the calculator must always be in USER mode
while the programs are in actual use. The Status statement SF 27 (Set
Flag 27) establishes USER mode. If you exit from USER mode by
actuating the USER "operating key", you have altered the Status and
must return to USER mode via this key before using the programs again.
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STATUS for PROGRAM AR
(and associated PROGRAM T)

PAGE 1
OF 1

SIZE 017
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PROGRAM AR

PROGRAM REGISTERS NEEDED: 45

PAGE 1
OF 2

ROW 1 (1 5)
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PROGRAM AR PAGE 2
OF 2

ROW 19 (122 : 129)
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PROGRAM T

PROGRAM REGISTERS NEEDED: 12

PAGE 1
OF 1

ROW 1 (1:5)
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STATUS for PROGRAM IV
(and associated PROGRAM'S AM, L, AB)

PAGE 1
OF 1

SIZE 046

SF 27

ASN 'CLP1 11
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PROGRAM IV

PROGRAM REGISTERS NEEDED: 64

PAGE 1
OF 2

ROW 1 (1:4)
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PROGRAM IV PAGE 2
OF 2

ROW 19 (132 : 138)
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PROGRAM AM

PROGRAM REGISTERS NEEDED: 123

PAGE 1
OF 4

ROW 1 (1:4)
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PROGRAM AM PAGE 2
OF 4

ROW 19 (152 : 161)
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PROGRAM AM PAGE 3
OF 4

ROW 37 (311 :316)
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PROGRAM AM PAGE 4
OF 4

ROW 55 (465 : 471)
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PROGRAM L

PROGRAM REGISTERS NEEDED: 87

PAGE 1
OF 3

ROW 1 (1:5)
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PROGRAM L PAGE 2
OF 3

ROW 19 (141 : 150)
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PROGRAM L PAGE 3
OF 3

ROW 37 (307 : 318)
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PROGRAM AB

PROGRAM REGISTERS NEEDED: 52

PAGE 1
OF 2

ROW 1 (1:5)
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PROGRAM AB PAGE 2
OF 2

ROW 19 (129 : 139)




