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How to Make the Most of Your User Guide

•  The CVL Report Package (pages 3–11)—Sample report pages and a summary of the  

key concepts and terminology.

•  Regulatory Requirements (page 12)—Information about regulatory requirements pertaining  
to the CVL Surveys.

A collection  
of examples are provided if you have any problems with your evaluations. You can identify the example 

should be taken.

A complete glossary of  

•  More detailed explanations of the  
evaluation protocols.

  linearity problems. 

  linearity evaluations. 
   Appendix 4 offers a more advanced discussion of the statistical methods.

Thank you for participating in the CAP CVL program!
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Your CVL report package includes the following individual and peer group performance summaries:
• Peer Group Summary
• Peer Performance Bar Charts
• Executive Summary

• Linearity Evaluation — Standard or Diluted/Extended
• Linearity Troubleshooting Report (if applicable)

This section provides a detailed description of each component.

all specimens. This information can be useful for troubleshooting problems with your calibration  

Elevated CVs can indicate problems in your peer group related to specimen mishandling,  
elevated interlaboratory variability, or possible bimodality. Beginning in 2015, those CVL Surveys  
with Sl processing will summarize participant data in both conventional and Sl units.

Peer Performance Bar Charts

performance by peer group. The peer performance bar charts can also be useful to identify  

as performance within your peer group.

or linear evaluation, it is important to review your evaluation report in more detail to determine if excluded 
specimens reveal possible analytical problems. In addition, the Executive Summary will indicate if your  

3
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E V A L U A T I O N
ORIGINAL

LN11-B  Serum Ethanol Calibration Verification/Linearity
Serum Ethanol mg/dL Calibration Verification Evaluation

Evaluation Result:  Verified from 14.95 to 577.65
Peer Method: GAS CHROMATOGRAPHY

Allowable Error: 8% or 2 mg/dL,
whichever is greater

Specimen Assay
1

Assay
2

Your
Mean

Peer
Mean

Peer
N

Difference Allowable
Error

LN11-08
LN11-09
LN11-10
LN11-11
LN11-12
LN11-13
LN11-14

 14.7
128.5
236.8
289.7
338.1
461.1
579.5

 15.2
125.7
238.1
293.0
348.2
468.9
575.8

 14.95
127.10
237.45
291.35
343.15
465.00
577.65

 15.91
130.14
245.23
304.65
359.63
475.95
587.39

12
12
12
12
12
12
11

-0.96 mg/dL
  -2.3%
  -3.2%
  -4.4%
  -4.6%
  -2.3%
  -1.7%

±2 mg/dL
±   8.0%
±   8.0%
±   8.0%
±   8.0%
±   8.0%
±   8.0%

Calibration Verification Plot: Percent Differences with
Allowable Error Limits
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Peer Results Summary Table Peer Group Size: 12

Calibration Verification Linearity Evaluation

Range % Verified % Different % Linear % Nonlinear % Imprecise

LN11-08 - 14
LN11-08 - 13

83.3
 8.3

8.3
0.0

91.7
 8.3

0.0
0.0

0.0
0.0

College of American Pathologists

Most commonly, target values equal the peer means calculated from participants in the current mailing.  

1

2 3 4

5

6 7

CVL Evaluations and Reports



5

all reported specimens.

•   means all differences between your mean and the peer mean are within the  

•  Different means the difference between your mean and the peer mean exceeds the  

evaluations with results at the high and low ends systematically omitted. At the low end, we only remove 

problems with calibration and repeatability. 

1

2  When we use peer means for target values, we list the number of participants reporting results for each 
specimen. These numbers provide additional information about your peer group performance.

3  The difference is 100 x (Your Mean – Peer Mean) / (Peer Mean). If the alternative error limit in absolute 
units is greater than the error percentage, then the difference will be expressed in absolute units.

4  The allowable error is the larger of the two limits listed above the table for that particular specimen. 

5

Troubleshooting Guide section of the User Guide for assistance in interpreting common patterns.

6  The peer results summary provides information about the performance of others in your peer group. 

We calculate the percentages using the peer group size as the denominator.

7  The peer group size is the highest count of reported results for the Peer N’s reported by specimen in the 
top table. We use the peer group size for the denominator when we calculate the percentages in the peer 
results summary table.

CVL Evaluations and Reports
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Instrument: SIEMENS ADVIA CHEM SYST
Method: SYVA EMIT 2000

Evaluation Type:  Standard
Goal for Total Error (TE): 20%

Mean of Included Results: 5.67 μg/mL

Specimen Assay
1

Assay
2

Your
Mean

Best-fit
Target

Relative
Concentration

LN3-01
LN3-02
LN3-03
LN3-04
LN3-05
LN3-06

1.3
3.2
4.8
6.2
8.5
9.7

 1.2
 3.0
 5.0
 6.4
 8.6

10.1

1.25
3.10
4.90
6.30
8.55
9.90

 1.31
 3.05
 4.80
 6.54
 8.28

10.02

0.000
0.200
0.400
0.600
0.800
1.000

Linearity Plot 1:  Reported Results
with Best-fit Line
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Linearity Plot 2: Differences with
Limits of Acceptable Imprecision
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In the linearity evaluation, we plot the relative concentrations on the horizontal axis and the  

if this line adequately describes the relationship between your reported results and the relative  
concentrations.

Your linearity evaluation result can be Linear, Nonlinear, or Imprecise (Poor Repeatability and/or Fit). Because 
we may evaluate smaller ranges in your data, your linear range may not include all reported specimens.

1 2
3

4

5 6

7

8

9
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Your evaluation result can be Linear, Nonlinear of Imprecise. Your linear range may not include all  
reported specimens.

•  Linear
 range. While there may be evidence of small deviations from linearity, results are within  
 acceptable limits for nonlinearity and imprecision.

•  Nonlinear means your reported results do not meet the criteria for acceptable linearity in any  of   
 the ranges evaluated within the algorithm. The selection of ranges depends on whether your    
 results include extended range or diluted specimens.

•  means your results display too much variability  
 to permit a reliable determination of linearity.
 differences between specimen replicates (poor repeatability) or large differences between  

In the standard evaluation, if the evaluation is Nonlinear or Imprecise (Poor Repeatability and/or Fit) over the full 
range of submitted results, we run subsequent evaluations with results at the high end systematically omitted. A 

consecutive data sets stated in the kit instructions. If there are no linear ranges, we base the evaluation on the full 
range of submitted results, and it will be either Nonlinear or Imprecise (Poor Repeatability and/or Fit).

If you receive a Nonlinear or Imprecise (Poor Repeatability and/or Fit) evaluation, your report package will include 
a linearity troubleshooting report. The troubleshooting report includes an interpretation and set of suggested  
actions based on your results.

1  Your evaluation result will be Linear, Nonlinear, or Imprecise (Poor Repeatability and/or Fit). If your  
 evaluation result is Linear, we list your means of the low and high specimens included in the linear range.

2  There are two linearity evaluation types: standard and diluted/extended.

3  We use the goal for total error to specify limits on both acceptable imprecision and nonlinearity.   
 We estimate both imprecision and nonlinearity using averages taken across all specimen levels.  

 linearity evaluation is 25%.

4  We provide the mean of included results to assist with the interpretation of your linearity results.  
 We calculate the limits of both acceptable imprecision and nonlinearity using the goal for total  error  
 and the mean of included results. 

5

6  The relative concentration is the proportional concentration of analyte in the specimen. In most   
 Surveys, we standardize the proportional concentration to zero for the lowest specimen and one  
 for the highest specimen.

7  These plots use the units of measure from your test result forms. In some cases, the unit of measure  
 is a percent.

8
 equal to (Goal for Total Error / 100) x (Mean of Included Results).

9
 linear in the full range of reported results.

CVL Evaluations and Reports
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You may receive a diluted/extended linearity evaluation if your results include at least one extended range or 
diluted specimen. An extended range specimen follows a large gap in the relative concentrations; the diluted/

will receive a diluted/extended evaluation for a diluted specimen when two conditions are met: 1) You indicate 
that you diluted both assays for the specimen, and 2) You have an adequate number of undiluted specimen 
results that can be evaluated using the standard linearity evaluation. Generally, this requirement is four sets of 
specimen results.

additional specimen. We compare the predicted value to the mean of your diluted or extended range  
specimen results. If the difference is smaller than the allowable error limit, we will extend the linear  
range to the diluted or extended range specimen.

The diluted/extended evaluation also includes a screen for large replicate differences for the diluted or  
extended range results. If the difference between replicates for a diluted or extended range specimen exceeds 
the replicate limit, the linear range will not be extended, regardless of the agreement between your mean and 
the predicted value.

If the evaluation is Nonlinear or Imprecise (Poor Repeatability and/or Fit) over the full range of submitted 
results excluding the diluted or extended range specimens, we run subsequent evaluations with results at the 

that is linear and includes the required number of consecutive data sets stated in the kit instructions. If none 
of the ranges evaluated are linear, the evaluation given is based on the full range of regular specimens and 
will be either Nonlinear or Imprecise (Poor Repeatability and/or Fit). Starting in 2015, if the linearity evaluation 
result includes diluted specimens, the result will be displayed on two lines to differentiate the standard 
evaluation results from the diluted/extended range results.

NOTE:

CVL Evaluations and Reports
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1  Your linear range may 
contain the extended 
range specimen(s).
No range is given if  
your result is Nonlinear or  
Imprecise (Poor  
Repeatability and/or Fit).

2  Extended range  

the Specimen column.

3

Plot 1. We do not include 
extended range specimen 

the extended range  
specimens from the line  

range specimens.

4  If your nonextended range results are linear in the full range, we evaluate your extended range specimens for 

within the allowable error limits. If the difference between replicates for the extended range specimen exceeds the 
replicate limit, the linear range will not be extended. If your evaluation is not linear, we will not evaluate your  
extended range specimen results for linearity and your report will not include an extended range specimen  
analysis. See Section 5 of Appendix 4 for information on the determination of the allowable error limits.

g

Instrument: SIEMENS RAPIDLAB 1260
Barometric Pressure: > OR = 720 mm Hg

Evaluation Type:  Diluted/Extended
Goal for Total Error (TE): 16%

Mean of Included Results: 83.1 mm Hg

Specimen Assay
1

Assay
2

Your
Mean

Best-fit
Target

Relative
Concentration

LN13-06
LN13-07
LN13-08
LN13-09
LN13-10

 28
 63

101
142
483

 30
 63
 99
139
488

 29.0
 63.0
100.0
140.5
485.5

 28.6
 63.2

100.7
140.0
480.0

0.000
0.077
0.160
0.247
1.000§

§ Extended range specimen

Linearity Plot 1:  Reported Results
with Best-fit Line
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Linearity Plot 2: Differences with
Allowable Error Limits
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Replicate Best-fit Difference Allowable
Specimen Difference 1 Your Mean Target From Target Error 2

LN13-10 5 485.5 480.0 5.5 ± 38.4

1 Limit for replicate difference = 5.3% of Best-fit Target
2 Allowable Error = 8% of Best-fit Target

Evaluation
Included in linear range

CVL Evaluations and Reports
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1 Your linear range may contain 
your diluted specimen(s). We do  
not specify a range if your result  
is Nonlinear or Imprecise (Poor  
Repeatability and/or Fit).

2

by an asterisk in the Specimen  
column. Both assays must be  
diluted for the specimen to be  
designated as a diluted specimen.

3

Linearity Plot 1. We do not include 
diluted specimen results when  

undiluted results.

4  If your undiluted results are linear in the full range, we evaluate your diluted specimens for 

extend your linear range to contain consecutive diluted specimens. If the differences between  
replicates for any diluted specimen exceeds the replicate limit, the linear range will not be  
extended. If your evaluation is not linear for the full range of undiluted specimens, we will not  
evaluate your diluted specimens for linearity and your report will not include a diluted specimen  
analysis. See Section 5 of Appendix 4 for information on the determination of the allowable  

 error limits.

E V A L U A T I O N
ORIGINAL

LN11-B 2014  Serum Ethanol Calibration Verification/Linearity
Serum Ethanol mg/dL Linearity Evaluation

Evaluation Result:  Linear from 16.50 to 
547.50

Method: GAS CHROMATOGRAPHY

Evaluation Type:  Diluted/Extended
Goal for Total Error (TE): 16%

Mean of Included Results: 240.00 mg/dL

Specimen Assay
1

Assay
2

Your
Mean

Best-fit
Target

Relative
Concentration

LN11-08
LN11-09
LN11-10
LN11-11
LN11-12
LN11-13
LN11-14

 17.0
125.0
232.0
287.0
335.0
444.0
550.0

 16.0
119.0
231.0
286.0
340.0
448.0
545.0

 16.50
122.00
231.50
286.50
337.50
446.00
547.50

 15.97
123.50
231.04
284.81
338.57
446.11
553.64

0.000
0.200
0.400
0.500
0.600
0.800
1.000*

* Diluted specimen

Linearity Plot 1:  Reported Results
with Best-fit Line
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Linearity Plot 2: Differences with
Allowable Error Limits
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Diluted & Included in best-fit line
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Your Diluted Specimen(s) Analysis

Specimen
Replicate
Difference 1 Your Mean

Best-fit
Target

Difference
From Target 2

Allowable
Error Evaluation

1 Limit for replicate difference = 5.3% of Best-fit Target
2 Allowable Error = 8% of Best-fit Target

Included in linear rangeLN11-14 5.0 547.50 553.64 -6.14 ± 44.29

CVL Evaluations and Reports
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Linearity Troubleshooting Report

You will receive a linearity troubleshooting report for each analyte with a linearity evaluation result  
of Nonlinear or Imprecise (Poor Repeatability and/or Fit).

Key to Linearity Troubleshooting Report

The interpretation describes the pattern of deviations from linearity in your data. Visual  

Suggested actions are provided based on the interpretation of your deviations from linearity.

show your diluted results since the interpretation and suggested actions focus on problems  
within your analytical measurement range (AMR). If you have fewer undiluted specimens  
than required for a linearity evaluation, your difference plot will include both undiluted  
and diluted results.

1

2

3

CVL Evaluations and Reports

    Your results have large differences between assay replicates.

    Review specimen handling procedures. Incomplete thawing, 
    inadequate mixing, or improper temperatures can cause problems.

    Check for evidence of test system malfunction. Pipetting errors,
    temperature fluctuations, or optical system problems can contribute
    to large analytical errors.

    If unable to resolve, contact your method manufacturer. 

Troubleshooting Report Plot: Differences
with Allowable Error Limits
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Document investigation and corrective action here or on the CVL Investigation Checklist:

Reviewed by:                                                                                                                      Date:
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Summary of Regulatory Requirements

measurement range (AMR) of your laboratory method. The CVL Surveys satisfy the requirements for  

Program (LAP) and Current CLIA Regulations Section 493.1255 for most analytes.1,2

LAP Chemistry and Toxicology Checklist, the AMR is the range of analyte values that a method can directly 
measure on the specimen without any dilution, concentration, or other pretreatment that is not part of the 
usual assay process.

The CAP CVL Surveys materials are intended to cover broad ranges of concentrations or activities to  

and CVL Survey concentrations must fall near the low, middle, and high values of your AMR. If specimens do 

Frequently Asked Questions section of this document.

evaluation includes specimens near the low, midpoint, and high values of the AMR. If your CVL Surveys  
evaluation does not satisfy your own criteria, you have the option of performing a self–evaluation with  

NOTE:

provides a detailed investigation checklist. 

Coagulation

According to the CAP LAP Hematology and Coagulation Checklist, coagulation tests based on direct  
8

that directly measure activity or concentration of an analyte by enzyme immunoassay, immunoturbidity, or 

According to the CAP LAP Hematology and Coagulation Checklist, linearity studies are not  

blood lymphocytes. In an effort to standardize reports and documentation, we use the CAP LAP Chemistry 
and Toxicology Checklist terminology for most CVL program documents. Participants should be aware that 
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e

include all of your reported results. To use this guide, determine which of the following examples  

in conjunction with the CVL Investigation Checklist for Problematic Results, to investigate possible  
causes and corrective actions.
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Review the  section of the investigation checklist. 
Analytical problems that appear at the low or high end may be due 
to recovery issues near or at the analytical measurement range 
(AMR) limits. If your results were diluted, review your laboratory’s 
dilution protocol. 

Review the  section of the investigation 
checklist. Problems at the low or high end may also indicate  
sample degradation.

Review the  section of the investigation 
checklist. Specimen handling problems may be due to tests  
performed on an incorrect vial, mixing or reconstitution problems, 
or improper specimen storage. Check whether special instructions 
were performed correctly.

Review the  section of the investigation checklist.  
Clerical errors that show inconsistent recoveries for the middle 
specimens are likely due to a fax scanning, transcription, or result 
entry errors. If you suspect a fax scanning error, you must contact 
the CAP Customer Contact Center. If you suspect a transcription  
or result entry error, consider additional staff training.
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Review the  section of the investigation checklist. 
Analytical problems that produce a constant bias may be due to  
a calibration error. Recalibration may be needed. 

Review the  section of the investigation checklist. 
Clerical errors that result in a constant bias are likely due to  
units of measure or decimal place errors, or incorrect peer  
group assignment. Clerical errors may indicate a need for  
additional staff training.
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Review the  section of the investigation checklist. Check 
whether the dilution protocol was followed (eg, dilution factor, diluents 

suspect that the autodiluter is not functioning properly, you must  
contact the instrument manufacturer.

Review the  section of the investigation checklist.  Clerical 
errors with diluted specimens are likely due to use of an incorrect  
dilution factor. 

Dilution errors resulting from a failure to adhere to protocol may  
indicate a need for additional staff training.

Review the  section of the investigation checklist.  
Analytical problems that demonstrate increasing or decreasing bias  
may be due to a calibration error. Recalibration may be needed. 

Review the  section of the investigation  
checklist. Specimen handling problems that result in proportional bias 
may be due to mixing problems or improper storage. 

Review the  section of the investigation checklist.  
Clerical errors that may cause a large difference between  
replicates for a single specimen are likely due to fax scanning,       
transcription, or result entry errors. If you suspect a fax scanning error, 
you must contact the CAP Customer Contact Center. If you suspect 
a transcription or result entry error, additional staff training may be 
needed.

Review the  section of the investigation  
checklist. Specimen handling problems may be due to tests performed 
on an incorrect vial, mixing, or improper specimen storage. Check 
whether special instructions were  
performed correctly.
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If you receive a linearity evaluation result of Nonlinear or Imprecise (Poor Repeatability and/or Fit),  
your report package will include a Linearity Troubleshooting Report. This troubleshooting report  
provides an interpretation and set of suggested actions based on the deviations from linearity  
displayed in your results. The following examples show diagnostic plots, interpretations, and  
suggested actions taken from recent linearity troubleshooting reports.

You may receive an evaluation result of Linear over a range that does not include all of your  
reported results. This outcome will be noted on your Executive Summary, but you will not receive  

partial range of specimens with a set of suggested actions. We recommend that you review  
these suggested actions when your linear range does not include all of your reported specimens.

Linearity Troubleshooting Guide

Review your dilution protocol and ensure the protocol is  
being followed.

recalibrate and consider rerunning a linearity study.

Review your dilution protocol, including appropriateness  
of the diluents.

Ensure that the dilution protocol is followed.

specimens.

recalibrate and consider running a new linearity study.
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Linearity Troubleshooting Guide

Rule out clerical error, including the possibility that your samples were 
reported in the wrong order.

Check the AMR. Verify that you are not reporting results beyond your 
upper or lower AMR limit. 
• Loss of recovery may be seen when values are close to the  
  AMR limits. 
• Check for dilution errors if values outside the AMR were diluted.

Review specimen handling procedures. Incomplete thawing,  
inadequate mixing, or improper temperatures can cause problems.

Review your testing procedure to ensure that the correct sample was 
analyzed and reported.

Rule out clerical error. 

Review specimen handling procedures. Incomplete thawing,  
inadequate mixing, or improper temperatures can cause problems.

Review your testing procedure to ensure that the correct sample was 
analyzed and reported.

Large Difference Between Replicates  

Relative Concentration

Check if both assays are equal. You may need to update your testing 
procedures—both assays from each vial should be tested within the 
same run.

Review specimen handling procedures. Incomplete thawing,  
inadequate mixing, or improper temperatures can cause problems.

Review your testing procedure to ensure that the correct sample was 
analyzed and reported.

If unable to resolve, consider recalibration.

Relative Concentration

Relative Concentration

College of American Pathologists
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Linearity Troubleshooting Guide

Check if one set of assays is consistently greater than the other. You 
may need to update your testing procedures —both assays from each 
vial should be tested within the same run.

Review specimen handling procedures. Incomplete thawing,  
inadequate mixing, or improper temperatures can cause problems.

Check for evidence of test system malfunction. Pipetting errors,  

large analytical errors.

If unable to resolve, consider recalibration.

Large Differences Between Replicates

Relative Concentration
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TE Review specimen handling procedures. Incomplete thawing,  
inadequate mixing, or improper temperatures can cause problems.

Check for evidence of test system malfunction. Pipetting errors,  

contribute to large analytical errors.

If unable to resolve, consider recalibration.

Relative Concentration
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Review specimen handling procedures. Incomplete thawing,  
inadequate mixing, or improper temperatures can cause problems.

Check the AMR. Verify that you are not reporting results  
beyond your upper or lower AMR limit. 
 •  Loss of recovery may be seen when values are close to the  

AMR limits.
• Check for dilution errors if values outside the AMR were diluted.

Check your peer group performance to see if there is  
nonlinear recovery for your peer group.

Check for evidence of test system malfunction. 
• Aging reagents may cause low or high recovery at any level. 
• Check calibration. Recalibration may be needed. 
• Recalibration with a different lot may be needed. 
• After recalibration, consider running a new linearity study to  

Nonlinear Results

Relative Concentration
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Linearity Troubleshooting Guide

Review specimen handling procedures. Incomplete  
thawing, inadequate mixing, or improper temperatures  
can cause problems.

Check the AMR. Verify that you are not reporting results beyond your 
upper or lower AMR limit. 
• Loss of recovery may be seen when values are close to the  
 AMR limits. 
• Check for dilution errors if values outside the AMR  
 were diluted.

Check your Peer Results Summary Table to see if there are similar 
results for others in your peer group.

Check for evidence of test system malfunction. Aging reagents may 
cause low or high recovery at any level.

Relative Concentration



The linearity evaluation includes a check  

the statistical algorithm; it depends on the number of included results, the goal for total error, the mean of your 

In the linearity evaluation, small deviations from 
linearity are acceptable if, overall, the nonlinearity is within a clinically acceptable range. We calculate the 

The allowable error is the larger of the two limits listed on the 

prevents the error limits from becoming too small at low concentrations.  

The allowable error for extended range 
specimens and diluted specimens show the acceptable difference between your results and the value  

the linear range to include consecutive extended range or diluted specimens.

The analytical measurement range is the range of analyte values 
that a method can directly measure on the specimen without any dilution, concentration, or other pretreatment 
not part of the usual assay process.1

your data. This is generally known as the polynomial method.  In this step, we may select a quadratic or 
cubic curve as the best descriptor of the relationship between your reported results and the relative analyte 

which you reported results.

1) Your evaluation is not linear in the full range of reported results; or 2) results are evaluated with the diluted/
extended range protocol. 

Glossary of Terms
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Glossary of Terms

If the relative concentrations have a large gap in the admixture ratios that 

identify one or more of the specimens as an extended range specimen and use the diluted/extended  
linearity evaluation.

Total error is the net or combined effect of random and systematic errors in a  
test system.3

statistical analysis as the limit of acceptable nonlinearity in the linearity evaluation.

Imprecision in the linearity evaluation refers to the differences 

large differences between one or more pairs of assays or large differences between your assay means and 

or curve in the linearity evaluation.

consecutive pairs of results to receive a linearity evaluation. If you have at least three undiluted  

data for the linearity evaluation. Your Executive Summary will indicate if you have not reported data for the 
minimum required number of specimens.

Peer Mean—The peer mean is the mean calculated from peer values at each specimen after outliers are 
removed from the data.

The relative concentration values are the rescaled values for a range of  
concentration levels where the lowest concentration is set to zero and the highest is set to one. We have 

pools are mixed in varying proportions to produce a set of specimens with known relationships among the 
concentration or activity levels. A value of zero means the mixing proportion is zero from the high specimen 
pool and, by subtraction, one from the low specimen pool. A value of 0.25 means the mixing proportion is 0.25 

specimen pool and zero from the low specimen pool.

Repeatability—Repeatability is the measurement precision of replicate measurements on the same or  

laboratory medicine.

Reportable Range—The reportable range is the span of test result values over which the laboratory  
can establish or verify the accuracy of the instrument or test system measurement response.  
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  makes it easier to see differences that are large relative to the error goals for a particular  
 analyte. If your evaluation is Imprecise (Poor Repeatability and/or Fit) or Nonlinear, it indicates   
 that the overall measure of differences is larger than the allowable error limit. Large deviations   
 between assay replicates (poor repeatability) and/or large deviations between replicate means   

 or Nonlinear.

  With the exception of the Blood Gas Survey (LN13), we assess linearity using the relative  
 concentration or activity, not the peer mean values. The mixing ratios used during the specimen  
 manufacturing process determine the relative concentrations. If your peer group means were  
 nonlinear in relation to the relative concentrations and your linearity results were similar to others  
 in your peer group, then your results would also be Nonlinear.

  The Instrumentation Resource Committee (IRC) determines the total error goals for each new   
 analyte, and they are periodically reviewed by this committee. In this process, the IRC reviews   
 both published error goals based on biological variation and the peer group performance  

 uses means of replicate measurements, it is appropriate to consider some reduction in the error   
 limits. The use of 
 of means.

  For the linearity assessment, participants take duplicate measurements of multiple samples within  

 precision. The linearity imprecision limit has been set as a small fraction, approximately
 of the total error goal because many sources of variation are excluded from  

 testing challenges.9

 error across the range of specimen values. It could also be an indication of nonlinear recovery  
 at the low end. 

Frequently Asked Questions
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Frequently Asked Questions

 undiluted results are not linear in the full range, we do not evaluate your diluted results. Since   
 your diluted results are not evaluated, we do not calculate the allowable error limits for the  
 diluted specimen analysis or include those limits in Linearity Plot 2. 

Large differences between replicate measurements may be an indication of poor repeatability.  
 Problems with measurement precision need to be addressed in order to obtain a meaningful  
 assessment of linearity. 

  When there are severely nonequidistant relative concentrations, the specimens with higher  

 from extreme nonequidistant admixture ratios.

  Points can fall outside of the shaded area for two reasons: 1) Since we use an average to  
 estimate imprecision, many small differences can offset a few larger differences, and 2) clinically  

 warning sign of poor repeatability over a subset of your linear range. In the second case,  

 warning sign of nonlinearity.
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 verify the AMR at least every six months, or if changes are made to an assay without  

  at least every six months according to the LAP Hematology and Coagulation Checklist.

If your laboratory performs calibrations at least every six months, current CLIA regulations and  

 or if changes are made to an assay without recalibration.

  If your evaluation is Nonlinear, but your results are similar to your peer group, the nonlinearity may  

due to a nonlinear matrix effect in the Survey material. In this case, it may be useful to investigate  
the apparent nonlinearity with previously tested patient specimens to identify a possible matrix effect. If 

  Make sure you are reporting in the correct units of measure and have not made a decimal 

 (CV) for the higher specimens tend to be much larger than the CVs of the midrange specimens.   
 If your evaluation is Linear and there is evidence that the mean of your peer group includes  

 the AMR. The LAP Hematology and Coagulation Checklist states that coagulation tests based 

 measure activity or concentration of an analyte by enzyme immunoassay, immunoturbidity, or  

Frequently Asked Questions
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 that your laboratory is performing well across the measuring interval. In this case, you should give  

 alternative product that has higher (or lower) specimens, utilize residual patient specimens for  

 You may also report additional diluted results and receive both a linearity and calibration  

 beyond your AMR.

Express
  For the majority of the CVL Surveys, we offer the LN Express service, which provides your  

LAB Solutions within two business days of receipt of your data. Results  
 may be submitted by any method, but they must be received by the due date printed on your  
 result form.  

  The LN Express evaluation provides the opportunity to verify your submitted results, review your   
 linearity evaluation, and submit any necessary data corrections prior to the start of the CVL   
 Survey processing. If data revisions are submitted prior to the survey due date, we will generate  
 another LN Express evaluation.

 generated after the survey due date when the peer summary results can be calculated. 

 group summary statistics. We strive to include as much data as possible, especially for smaller   
 peer groups.  We believe this provides the most accurate peer group information for evaluations  

 it takes several days to generate and review the evaluation reports. We spend additional time  
 formatting the Participant Summary reports, which may include commentary by Instrumentation  
 Resource Committee members. Please note that you will have faster access to your full  

LAB Solutions. 

Frequently Asked Questions



(1) (2) (3) (4) (5)
Specimen  
Number

Your Mean Target Value Difference Percent  
Difference

Within Limit
(Yes/No)

  20.5   2.2  Yes
103.5   99.2   4.3  Yes
182.0 10.9 6.4% Yes

specimens. If you have results near the low, middle, and high end of your AMR and the  

Survey and Analyte: ______________________________________________________________________
Allowable Error:                                                  %  or                                                        
                                       (A)                                                     (B)

(1) Record the mean values of replicate assays for each specimen.

(3) Difference = column (1) – column (2). If the absolute value of this result is less than the  
 Allowable Error (B), record a “Yes” in column (5) and skip column (4).
(4) Percent Difference = column (3) / column (2) × 100. If the absolute value of this result is less than   
 the Allowable Error (A), record a “Yes” in column (5). 
(5) If both the Difference and Percent Difference are greater than the Allowable Error, record a  
 “No” in column (5). Note that both differences can be positive or negative, so compare the  
 absolute value of the differences with the allowable error.

 calibration evaluation is Different if there are any “No” results in column (5).

Allowable Error: %  or                                      8 U/L                                             
                             (A)                                                      (B)

                                                                                                                  (6)   Result:_________________

(1) (2) (3) (4) (5)
Specimen  
Number

Your Mean Target Value Difference Percent  
Difference

Within Limit
(Yes/No)

(6)   Result:__________________
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Problematic Results

Appendix 2: CVL Survey Investigation Checklist

Was testing material received in the laboratory within an appropriate time after shipment? ........................
Were Survey specimens stored as indicated in the kit instructions? ...........................................................  

Were any special instructions provided in the kit instructions performed as indicated? ..............................  

Were the Survey specimens mixed adequately before sampling? ..............................................................  

Were the correct tests performed on the correct vial of testing material? ....................................................  

Was the written procedure followed? ...........................................................................................................  

Was instrument maintenance performed on schedule? ...............................................................................  

Were quality control results acceptable?......................................................................................................  

Was the most recent calibration acceptable and within established stability  
limits at the time testing was performed? .....................................................................................................

evenly distributed data without bias? ...........................................................................................................  

Were the reagents prepared according to procedure? ................................................................................  

Were the reagents within their open stability acceptable range? .................................................................  

Was the intended result within the measuring range for the instrument? ....................................................

Was the dilution protocol followed when diluting samples that are out of range? ........................................

Does a review of records indicate that there were no related instrument/test  
problems noted prior to or after the testing was performed? .......................................................................  
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Appendix 2: CVL Survey Investigation Checklist

Clerical                                                                                                                       

...........................................

Was the correct instrument/method/reagent code reported on the result form? ..........................................

Do the units of measure match between the result form and the instrument results? .................................  
Is the decimal place correct?........................................................................................................................

evaluation report?.........................................................................................................................................

If the result was out of range and a dilution was performed, was the correct  
 ..............................................................................

Date: 

Date:
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Flow Chart 1: Selection of Linearity Evaluation Type

No Yes
Are there results for an 

extended range vial or are 
conditions met for dilution 

validation?

Use Diluted/Extended
Evaluation.

Use Standard Linearity
Evaluation.

2. Participant submits results for at least four additional specimens.

1. At least four consecutive specimens must be undiluted.
2. Both replicates must be diluted.

Appendix 3: Flow Charts



Flow Chart 2: Standard Linearity Evaluation

No Yes

No Yes No Yes

No Yes

1. Participant data
    (min. # required)
2. Relative  
    concentrations
3. Total error goal

Plot data against relative
concentrations. Find

Is there any
evidence of
nonlinearity?

Evaluate
imprecision of

line.

Is the data
too imprecise?

Result
Linear Does the

nonlinearity
exceed clinical

threshold?

 Note: If the result is Nonlinear or Imprecise (Poor Repeatability and/or Fit), an evaluation may be rerun on a 
subset of your data.

Is the data
too imprecise?

Evaluate
imprecision of

curve.

Result
Linear

Result
Imprecise

(Poor Repeatability

Result
Imprecise

(Poor Repeatability

Result
Nonlinear

Appendix 3: Flow Charts
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No Yes

No Yes

No Yes

1. Participant data
    (min. # required)
2. Relative  
    concentrations
3. Total error goal

Apply standard
evaluation to

Is the  
evaluation  

result Linear?

Result

Imprecise(Poor Repeatability 

Final evaluation based  

ER vial for linearity.

results.

Is the mean of  
the ER results

predicted value from  

Result
Linear

Final evaluation
linear over a range

without ER vial.

Is there another
ER vial?

Result
Linear

Final evaluation 
linear over a range 
containing ER vial.

Return to
comparison step  
to evaluate next  

ER vial.

Flow Chart 3: Diluted/Extended Linearity Evaluation When Results Include
Extended Range (ER) Specimens 

Appendix 3: Flow Charts
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No Yes

1. Participant data
    (min. # required)
2. Relative  
    concentrations
3. Total error goal

Apply standard
evaluation to

undiluted results.

Is the  
evaluation  

result Linear?

Result

or Imprecise

Final evaluation based on 
undiluted results.

diluted vial for
linearity.

Fit line to undiluted
results.

Is the mean 
of the diluted results 

the predicted value  

line?

Result
Linear

Final evaluation linear 
over a range without

diluted vial.

Is there another
diluted vial?

Result
Linear

Final evaluation linear 
over a range containing

diluted vial.

Return to
comparison step to 

evaluate next
diluted vial.

No Yes

No Yes

Appendix 3: Flow Charts
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This appendix is intended for participants who have had training equivalent to a second course in statistical 
methods and would like more details about the CAP linearity evaluation. Because this information is intended 
for participants with some training in statistical methods, we do not attempt to provide complete details for 

(steps 1 and 2). The calculations noted in steps 3 and 4 require more advanced techniques. While these are 
fully documented in the manuscript by Kroll, et al in the September 2000 issue of Archives of Pathology &        
Laboratory Medicine, the explanation in this appendix will provide a set of approximate calculations using 
standard regression output.

As a preliminary step, determine the type of evaluation that has been or will be used—Standard or Diluted/

your linearity evaluation report, you must match the range of included specimens. In a Diluted/Extended 
evaluation, you will use the standard evaluation for your undiluted / nonextended range specimens (steps 1 
through 4 below).

the regression line. 

Nonlinearity is estimated using polynomial regression. If there are two results reported for at least   

alpha = 0.05 for this evaluation. If there is no evidence of nonlinearity using the polynomial   

is either the quadratic or cubic polynomial. To evaluate the imprecision in step 3, you need to    

Note that in step 2, the hypothesis tests use a threshold of zero to detect deviations from linearity  

Appendix 4: Technical Guide to the CAP Linearity Evaluation
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curve or line. If the differences exceed the limit on imprecision, we conclude that the data are  
inadequate to enable a meaningful linearity evaluation, either because of poor repeatability or poor  

results, and a calculated value derived from the formal statistical evaluation. While the exact calculation   

for total error provides an absolute lower bound for the imprecision screen. Alternatively, you can use a   
multiplier from the table below determined by the number of included results, for a close approximation   
to the CAP evaluation.

To calculate the imprecision limit: You need to know the mean of your results included in the  
regression model, the number of results included in the model, the analyte’s goal for total error,  
and the imprecision multiplier from Table 1. The limit on imprecision is the square root [(number of  
included results)/(multiplier from Table 1)] x [goal for total error x .25] x (mean of included results).

Table 1—Imprecision multiplier

pass the imprecision screen, your evaluation result is Linear. If you found evidence of nonlinearity in step 2 

step 1 to evaluate the clinical relevance of nonlinearity. If the summary measure of the difference  

deviation from linearity (ADL). We use a multiple of the goal for total error to determine the threshold of  
clinical importance. Note that this evaluation of nonlinearity permits small, clinically unimportant, deviations 

Appendix 4: Technical Guide to the CAP Linearity Evaluation

Multiplier
Line 6.3

Curve – quadratic polynomial 6.3
Curve – cubic polynomial 6.5
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2 Calculate 
the average squared difference = (sum of the squared differences) / (number of specimen levels). Finally, the 
ADL = the square root of the average squared difference.

Because we feel this calculation is beyond the level of even a second course in statistics, we refer readers with 
advanced training to the September 2000 issue of Archives of Pathology & Laboratory Medicine for a complete 

calculated ADL to 0.25 x (goal for total error) x (mean of included results).

In the Diluted/Extended evaluation, we evaluate your diluted or extended range specimens only if the full range 

line from step 1 through the diluted or extended range vials using the relative concentrations listed on your 
linearity evaluation report. The difference between the observed and expected results is equal to the mean of 

for total error. The evaluation also includes a screen for large replicate differences. If the difference between 

total error, the linear range will not be extended, regardless of the agreement between your mean and the  

If you would like to override the CAP evaluation, you may determine your own limits for the allowable  

recommend that you contact the CAP Customer Contact Center for more information.

Appendix 4: Technical Guide to the CAP Linearity Evaluation
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