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Overview

• Why multiple samples are important
• The Weqas Report - Statistical Indices

• Imprecision
• Inaccuracy

• How do we set Analytical Performance Specifications (APS) and Target Values
• Weqas Connect Reports
• Problem Solving and Cases
• Case Study Example
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Why multiple samples are important

Identifies components of both Imprecision and 
Inaccuracy

Identifies systematic errors

Assesses method linearity – required for ISO 15189

Powerful error detection tool
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The Weqas Report
Statistical Indices

• Imprecision:   Sy.x, r, IS 

• Inaccuracy:    Bias plot, y=mx+c



www.weqas.com 6

Interpretation of Imprecision

Sy.x is the deviation around the best fit line and is an indication of scatter.  It is 
used as an index of within run imprecision. This is given in the units of the analyte 

in question.

Correlation coefficient (r value) is also an index of within run imprecision.  The 
closer to 1.0 the value is, the better the precision  (less scatter about the best fit 

line). 

IS score is derived from the correlation coefficient (IS = (1-r)*10,000).

IS = (1-r)*10,000'r' value Imprecision score

0.9990

to

1.0000

0 to 10 - Good

0.9850

to

0.9989

11 to 150 - Acceptable to Warning level

<

0.9850

> 150 - Unacceptable

(including Curvilinear Data)
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Standard deviation

SD =            (ȳ-y)

Standard dev of residuals

   Sy.x =                    (ỹ-y)

 

Imprecision indices

where 
y = observed value
ȳ = expected value
d.f. = degrees of freedom

where 
ỹ = the value on the
line of best fit

d.f.

d.f.
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Imprecision – Scatter around the “best fit line”,  Sy.x
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Imprecision – how to calculate Sy.x

Target value Lab result

Line of best 

fit Deviation

x y ỹ y- ỹ=dy.x dy.x
2

111 108 109.9 -1.9 3.62

123.5 128 123.3 4.7 21.97

135.7 136 136.4 -0.4 0.16

148 144 149.6 -5.6 31.30

160.3 166 162.8 3.2 10.31

slope 1.07 ∑dy.x ∑dy.x
2

int -9.17 0.0 67.36

d.f =  n-1 = 4

Sy.x =
√  ∑dy.x

2
/d.f √67.4/4 4.10
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Interpretation of Inaccuracy

y = mx + c 

Represents the slope. If deemed significant -  
indicates a proportional error.

Represents the point at which the line crosses the y axis. 
This is shown in the units of measurement of each analyte. 

If deemed significant, this indicates a constant error.
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Types of Errors

Imprecision Inaccuracy

Random Curvilinear Prop Mixed Constant

Slope No Yes/No Yes Yes No

Intercept No Yes/No No Yes Yes

Sy,x Yes Yes No No No

r Yes Yes No No No
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The Weqas Report
Target values used in Statistical Analysis

Reference values – used for bias plot & SDI / PI calculation 

Method mean – used for SDI / PI calc if no ref value and n≥8

Overall mean – used for SDI / PI calc and bias plot if no ref 
value and n <8

Instrument mean –  on report for information only 

H
ie

ra
rc

hy
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Reference Target Values 

Generation of Reference Target Values
• Specialist Laboratories Required
• Accredited to ISO17025 (in accordance with ISO15195)
• Limited number of laboratories worldwide

Advantages of Reference Targets
• Traceable to higher order
• Establishes method traceability for the lab – requirement of ISO 15189
• Highlights the pitfalls of using the trimmed overall mean as an accuracy target in EQA Schemes
• Useful in the post market vigilance of the IVD -  Directive
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Reference Methods

Flame Atomic Absorption/ Emission 

Spectrometry

• Sodium,  Potassium, Calcium

• Magnesium, Lithium

IDGC-MS

•17ß-Oestradiol

•Progesterone

•Bile Acids

•Creatinine

•Cholesterol

•Glucose

•Urate

•Triglyceride

•HDL *

• HbA1c **
** Provided by IFCC Ref lab, Netherlands

IFCC Enzymes

• AST, ALT, LDH, GGT, CK, 
Amylase

* Currently provided by CDC lab  Rotterdam and WEQAS

HPLC

• Homocysteine

LC-MS/MS

•Testosterone

•Cortisol
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Analytical Performance Specifications (APS)



www.weqas.com 25

Analytical Performance Specifications (APS)

Analytical goals based 
on clinical outcomes

• What we need but 
data not readily 
available

Analytical goals based 
on biological variation

• Data available but 
not always 
achievable

“State of the art” - 
Interlaboratory variation

• What we can 
achieve but may not 
be “fit for purpose”

Improvements in 
methods / technology

Data from 
outcome 
studies

Model 
1

Model 
2

Model 
3
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Interlaboratory variation (state of the art)
FT4

Relationship of analyte conc. to SD follows a polynomial equation for most analytes 
and is non linear therefore using fixed % TE is not appropriate
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“State of the art” v Biology

Chloride sd

y = 0.0003x
2
 - 0.0511x + 3.6594

R
2
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y = 0.0004x
2
 - 0.0767x + 5.5206

R
2
 = 0.4002
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711-722

731-742

751-762

771-782

791-802

Poly. (731-742)

Biological goals not achievable. Performance has not 
improved over time.
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Sodium sd 

y = 0.000529x
2
 - 0.134162x + 9.943278

R
2
 = 0.530525

y = 0.0008x
2
 - 0.2043x + 13.87

R
2
 = 0.866

y = 0.000664x
2
 - 0.167438x + 11.810643

R
2
 = 0.597886
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751-762
771-782
791-802
Poly. (731-742)
Poly. (791-802)

“State of the art” v Biology

Biological goals not achievable. Although Performance 
has improved over time.
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“State of the art” v Biology
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Standard 
Quantitative 
Report
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Participant Code
replaces Lab Code.

Distribution details
and report status.

The running table 
shows the current 
distribution PI scores, 
and ultimately the 
previous 5 distribution 
PI scores for all 
analytes, for your 
Participant Code, plus 
all-Participant Median 
performance.

Your % Poor PI 
(Performance Index) 
across all samples for all 
instruments, the Median 
All Participants % Poor 
PI and the 97.5th Centile 
% Poor PI.
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The PI Scores table 
shows performance for 
all analytes and all 
instruments.

Overall % Poor PI across 
all analytes for each 
instrument, and Overall 
% non return for each 
instrument.

Key for PI Codes.

PI scores are converted into 
performance  categories and 
colour coded.

Distribution Specific 
Comments from Weqas 
or participant.
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‘Your reported result’ 
will be shown in the 
units entered, in the 
Weqas standard units if 
units entered are 
different from the 
Weqas standard units, 
and method corrected 
(if appropriate for the 
analyte).
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Target Value: This will 
show whether you 
have been scored 
against Reference 
Value, Method Mean 
or Overall Mean.

Weqas TAE: This is the 
Total Allowable Error 
(2 x Weqas SD).

Running PI chart shows the 
PI score for each sample for 
the current distribution and 
the last 5 distributions,
with colour coding for each 
performance category.

PI (Performance Index) score is 
shown for each sample.

Overall performance category is 
assigned using an algorithm based 
on the individual sample PIs.

PI =
Reported Result - Target Value

(Weqas TAE / 2)
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The Bias (Relative) Plot 
show the relative (%) bias 
to the target for the current 
results, and for the previous 
5 distributions.

The Bias (Absolute) Plot shows absolute bias 
in Weqas standard units for each sample for 
the current distribution. The x-axis is the 
target value; if the target value is a Reference 
Value or the Overall Mean, your Method 
Means will be plotted.
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The orange dot shows 
where your result lies.

The histogram shows 
breakdown of results for each 
sample, showing the spread of 
results for All Results, ‘My 
Method’ and ‘My Instrument’.
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The Method Summary shows 
Mean and CV for each 
Method for each sample.

Any analyte specific 
comments from Weqas or the 
participant are shown here.
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Traffic light 

colour

Performance 

category

Description

Red

Non-Return
(Any number of samples in distribution) and (No results submitted for any samples)

Poor

(Any number of sample in distribution) and (one or more |PI| > 3)

(number of samples in distribution = 1) and (2<|PI| ≤ 3)

(number of samples in distribution > 1) and (2 or more |PI| > 2) (Westgard 22s)

(number of samples in distribution > 1) AND (sign xi ≠ sign xj)] AND |xi|>2 AND |xj| > 

2 * for at least one pair of scores xi and xj

 where xn with i≠j are the individual sample-analyte scores for the instrument in 

question 

(Westgard R4s)

Orange Warning
(number of samples in distribution > 1) and (single sample with 2 < |PI| ≤ 3) and 

(no sample with |PI| > 3)

Yellow Acceptable
(any number of samples in distribution) AND (1 < Max |PI| ≤ 2)

Green Good |PI| < 1 for all samples 

Green is only assigned if all the individual samples are good.

Overall Performance 
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Problem Solving Flow Chart

START HERE 
 
  IMPRECISION     INACCURACY 
 
 
[1]       [2] 
Are you satisfied with YES  Are you satisfied with      YES 

your imprecision values?       slope and intercept?        ☺ 

(Sy.x, r)       (m, c)  
 

Pages 18-19 of SP-QL1-IntLabEQA
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[3] Check whether the
cause is curvilinear data

(m,c,Sy.x,r)

[4] Then the error is random,
check whether there is 

clerical error.

[5]
Check for causes 

of imprecision e.g.
inexperienced operators,

faulty equipment,
inappropriate methods

Eliminate 
blunder
go to [2]

go to [2]

YES

NO

NO 

NO

[1] Are you satisfied with 
your imprecision values?

(Sy.x, r)

Problem Solving Flow 
Chart

IMPRECISION

Pages 18-19 of SP-QL1-IntLabEQA
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Problem Solving Flow Chart
 
START HERE 
 
  IMPRECISION       INACCURACY 
 
 
[1]         [2] 
Are you satisfied with   YES  Are you satisfied with        YES 
your imprecision values?         slope and intercept?         ☺ 
(Sy.x, r)       (m, c)  
 
          NO 
 
        [6] 
        Identify type of error 
 
 
     curvilinear  proportional  mixed  constant 
     (m, c, Sy.x, r)       (m)            (m,c)                  (c) 
 
 
 
 
 Pages 18-19 of SP-QL1-IntLabEQA
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Curvilinear
(m, c, Sy.x, r)

proportional
(m)

mixed
(m, c) 

constant
(c)

Check for time 
expired reagents

Is it a “one 
point” cal?

Replace 
reagents Check all 

calibrators
inc. zero

Check zero
(reagent blank,
serum blank,

instrument zero).

Recalibrate

Run linearity check

Are you satisfied
with slope?

Are you satisfied
with intercept?

Problem Solving Flow
Chart

Adjust slope
 value of instrument

Recalibrate,
run linearity check. 

Check method
specificity

YES YES

YES

YES

NO NO

NO

NO

INACCURACY

 ☺ Pages 18-19 of SP-QL1-IntLabEQA

YES

NO

NO

NO
YESNOYES
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