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ORIGINAL ARTICLE

An experimental study of methods for the analysis of variance components in
the inference of laboratory information

Anders Kallnera and Elvar Theodorssonb

aDepartment of Clinical Chemistry, Karolinska University Hospital, Stockholm, Sweden; bDepartment of Clinical Chemistry and Department
of Clinical and Experimental Medicine, Link€oping University, Link€oping, Sweden

ABSTRACT
Measurement uncertainty (MU) can be estimated and calculated by different procedures, representing
different aspects and intended use. It is appropriate to distinguish between uncertainty determined
under repeatability and reproducibility conditions, and to distinguish causes of variation using analysis
of variance components. The intra-laboratory MU is frequently determined by repeated measurements
of control material(s) of one or several concentrations during a prolonged period of time. We demon-
strate, based on experimental results, how such results can be used to identify the repeatability, ‘pure’
reproducibility and intra-laboratory variance as the sum of the two. Native patient material was used
to establish repeatability using the Dahlberg formula for random differences between measurements
and an expanded Dahlberg formula if a non-random difference, e.g. bias, was expected. Repeatability
and reproducibility have different clinical relevance in intensive care compared to monitoring treat-
ment of chronic diseases, comparison with reference intervals or screening.
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Introduction

Determination and monitoring of quality indicators are cru-
cial and mandatory for measurements in laboratory medi-
cine. The indicators which are primarily used are based on
internal quality control (IQC) and external quality assess-
ment/proficiency testing (EQA/PT), both relying on regular
measurements of control materials. The frequency of control
measurements is regulated by international or national
standards and stated in the Standard Operating Procedures
of accredited quality systems. Professional groups have dis-
cussed and outlined how quality goals [1,2] should be estab-
lished in laboratory medicine to best serve clinical needs.

The typical IQC program consists of measuring control
materials of known – or assigned – concentrations a certain
times per day and assuming that the measurements of patient
samples performed between control measurements are accept-
able. Typically, control materials at two concentration levels
are used. There is an abundance of commercial control mate-
rials available and critical properties of these are commutabil-
ity with patient samples in the used measuring system, and
stability over time. Alternatively, patient material can be used
to investigate performance using duplicate measurements
[3,4]. Using the latter approach, the entire measuring interval
can be covered using native samples. A combination of differ-
ent approaches and algorithms will provide comprehensive
information about the performance of the method.

Quality indicators are designed to monitor the trueness
and the precision of the measurement results and the quality

systems designed to ensure that results are consistent, com-
parable over time and transferable between service providers.
Laboratories need to have detailed information on trueness
and precision whereas the clinician, assuming a sufficient ana-
lytical quality, appropriately will focus on the transferability
and comparability of results to reliably identify differences
between results and between patient values and reference val-
ues. In the present study, we compare various procedures
using control materials and patient samples to estimate meas-
urement uncertainty, compare the usefulness of the results
and use simulations to estimate the number of necessary
duplicate samples for repeatability estimates.

Methods and materials

Measuring system

All measurements were using Roche Diagnostics (Germany)
Cobas c501 employing reagents from Roche ALTLP
(Alanine Aminotransferase PyP) Ref 04467388190, ALP2S
(ALP IFCC Gen.2) Ref 03333752190 and CA2 (Calcium
Gen. 2) Ref 05061482190.

Stabilized control materials

The low and high concentrations reference materials were
Autonorm Human Liquid L-1 1606342 and Autonorm Human
Liquid L-2 1608804 (Sero A/S Oslo, Norway), respectively.
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These materials are based on human serum with no preserva-
tives or stabilizers added, for maximum commutability.

Patient materials

De-identified patient samples from the laboratory routine
production were used. The selected analytes were P-ALT
(Plasma-Alanine transferase), P-ALP (P-Alkaline phosphat-
ase) and P-Calcium. The Swedish law of biobanking (SFS
2002:297) allows the use of anonymized samples for quality
development and management. The results of the present
study can never be traced to any individual or group of
individuals. Accordingly, the study did not require scrutiny
by the Ethics committee.

Experimental design

All calculations and estimations were based on the following
experimental designs (Figure 1).

1. Control material of two concentrations were measured
five times daily for five days and the ‘analysis of variance
components’ (ANOC) was carried out in a 5� 5 experimen-
tal design according to Clinical and Laboratory Standards
Institute (CLSI) EP15 [4,5] in a specially developed MS
Excel program [6]. This allows identifying the repeatability
(within series variation), the ‘pure’ between series variation
and the total variation (Figure 2).

2. Control materials of two concentrations were meas-
ured repeatedly, up to three times per day, totally 83 meas-
urements of each quantity. The average, standard deviation
(s) and %CV were calculated using standard procedures
(Table 2).

3. The standard deviation was calculated from duplicate
measurements of 100 consecutive patient samples, using the
Dahlberg formula. The results of the expanded Dahlberg
formula (ExpD) [4] were also calculated (Table 3).

4. The standard deviation (Dahlberg, sD) and the confi-
dence intervals were calculated using the available

CLSI 
EP15
five

replicates
each day

for five
days

100
duplicate
measure-
ments of 
patient 

samples

Autonorm Human Liquid L-1, 2-3 times a day for eight weeks, total 83 measurements

Autonorm Human Liquid L-2, 2-3 times a day for eight weeks, total 83 measurements

Time - weeks
0 1 2 3 4 5 6 7 8

Figure 1. The components and design of the study.

Figure 2. Within and between series variations based on series of five measurements on five occasions (days). One of the results (as shown in the figure) in the
first series was regarded as an outlier and not used for further calculations.
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‘100-series’ of P-ALT, P-ALP and P-Calcium (P-Ca)
(Figure 3), right panel. In creating these graphs, differences
outside the average difference ±3 standard deviations of the
differences were disregarded as not representative of the
sample population.

All calculations and data handling were performed using
EXCEL 2016.

Calculations

The analysis of variance components (ANOC) requires an experi-
mental design in which observational results can be identified as
within-groups and between-groups. This is also the design of an
one-way ANOVA which yields the sum of squares and mean
squares (MS) of the observations within- and between groups
[7,8]. We used a model with five measurements within the
groups, i.e. obtained under repeatability conditions and carried
out on five occasions, i.e. under reproducibility conditions. This
is summarized as a 5� 5 table. The within-group mean square
(MSw) is equal to the variance of the measurements within a
group. The between group mean square (MSb) is a combination
of the ‘pure’ between group variance and the within group vari-
ance. The pure between group variance s2b was obtained by

s2b ¼
MSb�MSw

n0
(1)

where n0, is the average number of observations the groups.
This is considered applicable in normal laboratory work and
a reasonably balanced study.

The total or intra-laboratory variance s2tot
� �

is

s2tot ¼ s2b þMSw (2)

If MSb�MSw
n0

< 0, i.e. MSb < MSwð Þ then s2tot ¼ MSw, i.e.
the within series variance [4].

The ANOC was also applied to the IQC data, assuming
repeatability within days and reproducibility between days.

Imprecision was calculated from repeated measurements
of control materials by the general formula for standard
deviation (Equation (3)); the Dahlberg formula [3,4]
(Equation (4)) was used for calculation of the repeatability
assuming only a random variation between the original and
replicate measurement and an expanded Dahlberg (ExpD)
formula (Equation (5)) [4] when a non-random variation
between the results was assumed.

s2 ¼
Pn

i¼1 xi � xð Þ2i
n� 1

(3)

s2 ¼
PN

i¼1d
2
i

2�N
(4)

s2 ¼
PN

i¼1 di � d
� �2

2� N � 1ð Þ (5)

where s2 is the variance, n is the number of observations, N
is the number of pairs in a comparison of duplicates and d
is the difference between duplicates.

Simulations

Five different situations were identified in which duplicate
measurements may be used for estimating the repeatability
of a measurement procedure. In all examples, the bias was
assumed to be negligible and the expanded Dahlberg results
therefore not calculated. These simulations were undertaken
to determine the minimal number of observations to achieve
a reliable estimate of the Dahlberg standard deviation.

1. The original and replicate measurements were simu-
lated by adding a random difference to a simulated nor-
mally distributed series of results with an average of 25
units and a standard deviation of 2 units, using the
algorithm ‘averageþs�NORM.S.INV(RAND())’ [9]. The
average and standard deviation of an increasing number
of draws were calculated. The corresponding real case
occurs if a series of the same sample were measured in
duplicates and their differences normally distributed.

2. Random values between 23 and 27 units (25 ± 2 units)
were chosen as original observations, i.e. a rectangular
distribution with a measurement interval of 4 units and
a random difference between �5 and þ5 added, i.e. a
standard deviation of 5=

ffiffiffi
3

p ¼ 2:89 units: The corre-
sponding real case would be a measurement procedure
where the results differ randomly within a defined
interval.

3. The original measurements were simulated as a normal
distribution. The replicates were made dependent and
the difference between the original and replicate was
normally distributed with a constant standard deviation,
i.e. ‘s�NORM.S.INV(RAND())’ and no bias assumed.
This mimics a homoscedastic profile.

4. The original observations were randomly chosen within
the interval 10 to 30 units. The differences were ran-
domly chosen between (�3) and (þ3), i.e. the standard
deviation estimated to 3=

ffiffiffi
3

p ¼ 1:73 units, assuming a
rectangular distribution. The repeatability was calcu-
lated from the differences between the replicates and
the originals, expressed in relation to the average of the
original and replicate.

5. The original series was a set of randomly chosen num-
bers between 10 and 30 units. The replicates were cre-
ated as a function of the original and a randomly
chosen proportionality factor between 1.005 and 1.025
and therefore dependent on the original observation.
The relative differences between the original and the
replicate were used to calculate the standard deviation.
This mimics a heteroscedastic profile.

The target value was defined as that obtained by simula-
tion of a sufficiently large number of observations. In the
present study, a target value of 1.12 was obtained as the
average of 100 simulations of 40 observations.

Based on these assumed situations, five sets of simula-
tions were made, each comprising 50 samples. The Dahlberg
formula was applied to two, three, four and so of pairs of
the dataset. Results of standard deviations based on 2, 5, 10,
15, 20, 25, 30, 35 and 40 pairs were then tabulated and
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repeated 100 times. The average of the variances which were
calculated this way and their confidence intervals are shown
in Figure 3, left panel.

To investigate the influence of bias on the calculations
and to illustrate the difference between the Dahlberg for-
mula and the ‘expanded Dahlberg’ formula, appropriate ser-
ies of 0.5� 106 observations were simulated. The average of
the ‘original’ series was set to 10 with a standard deviation
of 1, thus defining the measuring interval. The random
error to create the ‘repeat’ value was based on a normal
distribution with an average of zero and a coefficient of
variation of 2.5% or 5.0%. As a third series, the ‘repeat’ ser-
ies was modified by adding a constant error ranging from 1
to 20% of the average of the original series of measure-
ments. This represents a bias or systematic variation
between the original and repeat measurements.

Results

Analysis of variance components using reference
materials

Results of the ANOC are exemplified in Figure 2 using the
results from the two calcium reference materials measured

5� 5 times. There was one outlier in the first series of the
low concentration. This observation was not included in the
calculations but the results are included for the sake of
information. The results of ALT, ALP and Ca are summar-
ized in Table 1. In all experiments the within series (repeat-
ability) was the dominating source of uncertainty. In the
series of low Ca-concentration the mean square of the
reproducibility (between series) was lower than that for the
repeatability and therefore set to zero [10]. The total vari-
ance is the sum of the repeatability and the ‘pure’ between
series variances. The relative intra-laboratory standard devi-
ation was about 1% for the three studied quantities
(Table 1).

Reproducibility by IQC

The average and standard deviation were calculated by
standard methods, across all results, of the daily measure-
ments of control materials and shown in Table 2. Since the
results were collected during an extended period of time,
they were regarded as obtained under reproducibility condi-
tions and in this case also representing intra-laboratory
uncertainty or total imprecision.

Figure 3. Left panel. The standard deviation (target value 1.12) and confidence interval calculated by the simulation model 5. Each number of observations was
simulated 100 times. The vertical line represents the suggested minimal number of observations needed. The corresponding graphs from the other simulations fol-
lowed the same pattern. Right panel. Standard deviations for ALT, ALP and Ca were calculated using the 100 duplicates using the Dahlberg formula. Solid lines are
standard deviations, dotted lines confidence intervals.

Table 1. Details of analysis of variance components.

ALT Level 1 ALT, level 2 ALP Level 1 ALP Level 2 Ca Level 1 Ca Level 2

Between series df 4 4 4 4 4 4
Within series df 20 20 20 20 19 20
Number of observations 25 25 25 25 24 25
Average 0.73 2.32 1.38 4.93 2.29 3.07
SEM 0.002 0.004 0.003 0.011 0.004 0.005
Repeatability (s) 0.009 0.021 0.016 0.054 0.021 0.025
Pure between series (s) 0.005 0.001 0.005 0.010 – 0.012
Total imprecision (s) 0.011 0.021 0.017 0.055 0.021 0.028
Repeatability (%CV) 1.3 0.92 1.2 1.1 0.90 0.81
Pure between series (%CV) 0.63 0.05 0.36 0.20 – 0.38
Total imprecision (%CV) 1.45 0.93 1.22 1.11 0.90 0.89

The outlier shown in Figure 2 was excluded from the summary calculations. The ‘pure between series imprecision’ was obtained by
correcting the between group ‘mean square’ of the ANOVA analysis [4] for the contribution of the repeatability variance. The between
group mean square (MSb) was smaller than that of the within group for the Ca-measurements of the low concentration material and
therefore not presented.

76 A. KALLNER AND E. THEODORSSON



Repeatability, pure reproducibility and total uncertainty
were also calculated from the IQC observations. For the
high concentration materials of all analytes and the low con-
centration material for calcium the MSb proved smaller then
MSw and the total variance therefore equal to the repeatabil-
ity. The variance across all observations was equal to that
calculated by analysis of variance components.

Repeatability imprecision estimated by duplicate
measurements

The P-ALT, P-ALP and P-Ca concentrations were measured
as duplicates in 100 consecutive routine samples. Only the
first value was reported to the clinic to be used in patient
care. The duplicate results were analyzed by the Dahlberg
formula and the ExpD [4,11], (Table 3). Since the

s(X)(Dahlb) and s(X)(ExpD) are virtually identical no bias
could be demonstrated between the original and repeat
measurements.

Necessary sample size

The five simulated models differed with respect to the
design of the measuring interval and the relation between
the original and repeated results. The original results were
either normally distributed with limited tails or taken from
a rectangular distribution. The repeated results were either
obtained by the addition of a random number for a normal
distribution or obtained by multiplication with a random,
reasonable factor. Therefore, the original and repeat results
were related in a defined fashion. As expected, the estimated
standard deviation approached the target value as the num-
ber of included pairs increased and its variance and confi-
dence interval decreased. Beyond 25 pairs, the standard
deviation stabilized and a further decrease of the confidence
interval was small. Similar results were obtained for all the
simulation models (Figure 3).

Simulations with non-random variations

The large number of simulated data underpinning the
Table 4 provides robust numbers for illustration of the
influence of a non-random difference between the first and
repeat observations. The first measurements were a series of
0.5� 106 values drawn from a normal distribution. The ser-
ies of repeat results was obtained by adding a random num-
ber to the original. The averages of the first and repeat
measurements were thus identical and the average difference
was zero (Table 4). In a third series, a constant was added
to the repeat series and therefore the difference between
these series and the original is the bias. If the standard devi-
ation was calculated using formula (Equation (3)) after add-
ition of the bias, it amounted to 2.0304 whereas if formula
(Equation (5)), ‘extended Dahlberg’ was used the same esti-
mate was obtained as for the un-biased series. The simu-
lated series were also subjected to evaluation by ANOC. The
repeatability was the same as that obtained by the Dahlberg
formula.

Table 2. The imprecision (standard deviation) calculated across all observa-
tions and using the method of analysis of variance components from 2 to 6
daily IQC measurements of control material, comprising 83 observations.

ALT mkat/L ALP mkat/L Calcium mmol/L

Average 0.74 2.32 1.38 4.95 2.29 3.08
Across (s) 0.013 0.021 0.020 0.054 0.018 0.021
%CV 1.76 0.90 1.42 1.09 0.77 0.66
Repeatability (s) 0.009 0.022 0.017 0.054 0.018 0.021
Pure Reproducibility (s) 0.009 – 0.009 – – –
Intra-laboratory (s) 0.013 0.022 0.020 0.054 0.018 0.021

Table 3. Properties of duplicate measurements of patient samples.

ALAT ALP Ca

Count 100 100 100
Average 1.84 3.46 2.32
Median 0.69 2.05 2.36
IQR 25.00 75.00 75.00
10 percentile 0.37 1.41 2.21
90 percentile 1.71 4.70 2.47
Maximum observations 10.3 16.6 3.2
Minimum observations 0.1 0.5 1.3
s(X) (Dahlb) 0.016 0.023 0.016
%CVD(X) 3.26 0.69 0.72
Maximum difference 0.10 0.11 0.06
Average difference 0.0004 �0.0002 �0.0008
Student tdep 0.17 0.06 0.35
p (2-tail) .863 .951 .729
s(X) (ExpD) 0.016 0.023 0.016

The repeatability (bold) was calculated by Dahlberg’s formula and the
expanded formula (ExpD). s(X) and %CV(X) represent the absolute and relative
Dahlberg uncertainty, respectively.

Table 4. Summary of the simulations of a normally distributed set of 0.5� 106 simulated results (Orig) from an average of 10 and a standard deviation of 1
and a simulated repeated series with an assumed average difference of 0.25 times a random normality probability function (Rep).

Basic Rand add Non-rand Bias add Basic Rand add Non-rand Bias add

10 1 0.25 0 10 1 0.25 2
Set values Orig Rep Diff Repþ bias Diff Orig Rep Diff Repþ bias Diff

�x 9.9993 9.9992 �0.0001 9.9992 �0.0001 9.9987 9.9983 �0.0004 11.9983 1.9996
Sumsq(x1–x2) 5491200 50521745 31249 50521745 31249 50485271 50512924 31265 72508976 2030396
Stand dev (s) 0.9993 1.0306 0.2500 1.0306 0.2500 0.9996 1.0309 0.2501 1.0309 0.02501
Var Dahlberg 0.0313 0.0313 0.0313 2.0304
Var Expanded 0.0313 0.0313

A non-random difference, equal to zero and 2 (20%), right panel illustrates how a traditionally calculated SDDahl differs from that using the expanded Dahlberg
formula, which gives an SDExpD devoid of an influence of the average of the bias. Finally, calculated quantities are in bold. The negligible effect of a random
error between the original and repeated measurement is clearly shown as the variance of the repeats as the sum of the variances of the difference and original
series (see text).
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The absolute difference between a standard deviation
estimated by the Dahlberg formula and the extended version
of the Dahlberg formula is linear in relation to the relative
size of the bias and independent on the measuring interval.
The relative difference between the standard deviation esti-
mated by the two formulas is related to the size of the non-
random variation (Figure 4, right)

Discussion

Different strategies to determine the measurement uncer-
tainty in a medical laboratory were investigated. The uncer-
tainty is linked to the measurement method as a method
uncertainty and this concept is commonly recognized as a
characteristic that should meet relevant quality goals. The
standard uncertainty is by definition expressed as a standard
deviation and therefore related to the dispersion of repeated
measurements. However, in laboratory medicine samples
may be from the same patient and the object of the meas-
urement is to verify a difference between the samples. Since
the samples may have been collected under different cir-
cumstances, the laboratory needs to consider establishing
different measurement uncertainties for use in appropriate
situations. Monitoring an acute clinical situation e.g. a
potential myocardial infarction with Troponin is performed
under repeatability conditions whereas for instance screen-
ing for a disease by comparing a result with a reference
value or monitoring a chronic disease are considerred as
performed under reproducibility conditions. The analytical
sensitivity i.e. ability to verify a difference between results,
increases as the uncertainty decreases. Consequently, there
is not a single analytical quality goal and no single optimal
method for expressing and monitoring analytical perform-
ance appropriate in all clinical contexts. In most cases, the
repeatability uncertainty is less than the reproducibility
uncertainty which is influenced by numerous factors. That
does not exclude the possibility that the ‘pure’ reproducibil-
ity may be smaller than the repeatability. It is important for
the laboratory to identify all sources of uncertainty to

control causes of variability, minimize uncertainty and initi-
ate corrective actions and differentiation of the uncertainty,
e.g. recognizing the repeatability and reproducibility are
valuable pieces of information.

Repeatability conditions are unchanged conditions i.e.
using the same procedure, reagents, calibration, temperature
etc. This is also known as the within series conditions. The
within series uncertainty or simply ‘repeatability’ can be
determined by repeated measurements of a control material
under suitable constant conditions. If these ‘within series’
measurements are repeated, e.g. in a common IQC proced-
ure, the repeatability and the reproducibility can be calcu-
lated using an ANOVA, analysis of variance components.
The relevance of this information applies to the concentra-
tion of the used material only and is not necessarily repre-
sentative for the entire measuring interval. Furthermore, the
variance of variance components estimates depend on the
underlying distributions [12,13]. The Dahlberg formula is
derived differently and allows calculating the repeatability
from duplicates of many samples of different concentrations
[14]. A key question is how many replicates would be neces-
sary to achieve a robust estimate of the uncertainty.
Through simulation, we estimated the minimal number to
25 repeated samples. This was verified in original measure-
ments of patient samples.

The Dahlberg formula (Equation (4)) assumes a negli-
gible variation of the uncertainty of the tested results or that
the differences between the first and repeat observadtion are
random, i.e. normally distributed. If this is not the case
there is a systematic difference between the first and repeat
measurement, i.e. a bias. This can be handled by the
expanded Dahlberg formula which is the sum of squares of
the differences between observed differences and the average
of all differences. If there is no bias, the results of the for-
mulas will coincide and it is therefore a good practice to
apply both, which allows the bias to be quantified.

If repeatability conditions are not fulfilled, reproducibility
conditions exist i.e. one or more measurement conditions
have been changed. By necessity, the reproducibility

Figure 4. The difference between the Dahlberg standard deviation and that of the Dahlberg expanded formula (as the square root of the difference between the
variances), left panel. The difference is linearly related to the relative bias and independent of the assumed random variation of the samples. The ratio (right panel)
between the standard deviation estimated by the Dahlberg and Expanded Dahlberg formulas. The random difference between series was 2.5%.
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‘includes’ repeatability and to calculate the correct intra-la-
boratory variance, the ‘pure’ reproducibility should be calcu-
lated. The total or intra-laboratory variance can then be
calculated as the sum of the two variances. This value can
be compared to the variance calculated across all values.
Particularly if the pure reproducibility is of a noteworthy
size, the variance calculated across the values underestimates
the intra-laboratory variance.

The principle of ANOC is a powerful tool for investigat-
ing the performance of a measurement method. It requires
a special experimental setup to ensure that both repeatability
and reproducibility conditions are studies. The technique
has been adopted by the CLSI EP15 to verify the quality
claims of a manufacturer [5]. Their setup is limited to 5� 5
observations with the warning that the power of the used
degrees of freedom is not sufficient to establish, only verify
a method variance. A similar approach is used in the CLSI
EP5 [15]. The technique has also been used in real time
monitoring the comparability and performance of several
laboratories which allows identifying problems within the
individual laboratories and between those participating [16].

The repeatability imprecision was estimated by the
Dahlberg formula (Table 3). There are numerous situations
where, and reasons why, non-random differences between
repeated measurements occur, e.g. carry over, reagent decay
i.e. the experimental conditions are not truly repeatable. It
is essential to design an experimental model which mini-
mizes any systematic difference due to laboratory factors,
i.e. bias, between the first and repeat measurements. In the
present method and modelling study we have not consid-
ered any influence of pre-analytical variation. In large
enough series the averages of the original and repeat obser-
vations coincide. This indicates a technique to estimate any
bias either by simply comparing the averages of the series
or applying the Student’s paired t-test. It is possible to esti-
mate the bias also by applying and comparing the extended
Dahlberg formula to the data. In the present study the two
variances were equal and thus no bias between the two
results. This was verified by the Student’s test for paired
observations which supports the null hypothesis that there
was no difference between the first and second results
(Table 3). An overestimation of the repeatability imprecision
by the Dahlberg formula was reported by Springate [17]
which could possibly have been be caused by a non-random
difference.

The expanded Dahlberg formula compensates for the
non-random error and estimates the within series variation
correctly (Table 4) in the presence of a bias between dupli-
cates. It was shown in the simulation that the original
Dahlberg formula will overestimate the repeatability in the
presence of a bias, i.e. include the bias in the uncertainty
estimate. The ANOC is liable to the same effects. The rela-
tive difference between the two estimates increases almost
exponentially up to a relative bias of about 1.5% and subse-
quently increases almost linearly (Figure 4, right panel),
whereas the square root of the difference between the calcu-
lated squared Dahlberg and Expanded formulas increases

linearly. The magnitude of the ratio between the two esti-
mates is also related to the measuring interval.

Conclusions

Analytical goals are conventionally defined according to a
hierarchy agreed by the laboratory professions. The degree
to which laboratories and accreditation bodies meet the
requirements is often judged by evaluating measurements of
control materials without considering their commutability
with patient samples. Duplicate measurements of patient
material for establishing and monitoring performance can
be an option.

The analytical quality goals commonly do not differenti-
ate between the repeatability and reproducibility and it is
less obvious how the laboratories should measure the real
uncertainty of measurements. As investigated in the present
study, the uncertainty can be determined under repeatability
and reproducibility conditions and it is argued that both are
important for the laboratory and for the end-users of the
results.

The experimental design to determine the quantities is
critical and the clinical use of the information depends on
the clinical situation. Evaluation of biochemical markers for
a fast-changing disease should preferably rely on the repeat-
ability whereas a slow process or trend should rather be
based on the reproducibility or combined intra-laboratory
variation. The laboratory can use the detailed information
of variance components for quality control and rational cor-
rective actions. In general, the repeatability uncertainty is
smaller than the reproducibility or intra-laboratory uncer-
tainty and therefore offers a more sensitive diagnostic tool.
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