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Abstract 

This document provides guidance to the forensic science community on method 
validation. Building on the definition of validation in ISO/IEC 17025, it explores the specific 
components of validation within a forensic science context and introduces five principles for 
guiding the collection and use of validation data. These guiding principles are intended to 
improve how validation studies are conducted and promote collaborative, community-based 
approaches to validation testing, data sharing, and performance characterizations, leading to 
more robust validation practices among forensic science laboratories. Additionally, this 
document serves as a framework for other resources and materials to build upon, including the 
development of forensic science-specific documentary standards and guidelines; standardized 
templates for validation plans, reports, and data; and software tools and repositories for 
analyzing, interpreting, and sharing validation data. 

 

Keywords 

Forensic Science; Performance; Guiding Principles; Quality Assurance; Reliability; Standards; 
Validation; Verification. 
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Preface 

This document was developed by an interdisciplinary group of researchers at the 
National Institute of Standards and Technology (NIST) to support the forensic science 
community in strengthening the robustness, transparency, and reliability of validation 
practices. In developing this document, NIST subject matter experts participated in workshops 
and focus groups that brought together forensic science practitioners, researchers, legal 
experts, and statisticians. These engagements, along with a review of relevant literature and 
standards, guided the identification of five guiding principles for validation. The guiding 
principles emphasize the dynamic nature of validation, including the documentation of 
validation data, characterization of performance, and communication of results to improve 
confidence in forensic methods. This document is not intended to provide a step-by-step guide 
for how to conduct validation for any particular discipline or method (e.g., defining 
requirements, characterizing performance, establishing decision criteria). Rather, this 
document expands on the definition and specifications for validation as outlined by ISO/IEC 
17025 General requirements for the competence of testing and calibration laboratories and the 
ISO 21043 Forensic sciences series, providing a general framework for the development of 
discipline- and method-specific standards, tools, templates, and resources that can help the 
forensic science community effectively approach validation and support collaborative and 
community-based approaches to validation. References provided in this document are intended 
to provide supplemental information and are not exhaustive. 
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1. Introduction 

Validation is the process of assessing whether a method meets specified requirements 
for an intended use and is a prerequisite for any method used in scientific or technical practice, 
including forensic science [ISO/IEC 17025:2017; ISO 21043-1:2025]. Results of forensic analyses 
are often relied upon by law enforcement officers, attorneys, and triers of fact (i.e., courts) to 
make important decisions affecting life and liberty. Providing information about the validation 
of a forensic science method is fundamental to trusting scientific analyses and criminal justice 
outcomes [NRC 2009, pp. 111-116]. 

International standards, including ISO/IEC 17025 General requirements for the 
competence of testing and calibration laboratories and the ISO 21043 Forensic sciences series, 
have emphasized the importance of methods supported by validation studies [ISO/IEC 
17025:2017; ISO 21043-3:2025; ISO 21043-4:2025; ISO 21043-5:2025]. ISO/IEC 17025 is written 
to be industry- and sector-agnostic and generally applicable across different types of testing 
and calibration laboratories. While not specific to forensic science, it is the prevailing standard 
to which many forensic science laboratories conform and under which they are accredited 
[Swofford 2024, pp. 109-110]. The ISO 21043 series builds upon ISO/IEC 17025 by extending 
those specifications in a context that is specific to forensic science [Berger 2025]. While ISO/IEC 
17025 and the ISO 21043 series provide a general framework for laboratories to demonstrate 
their competence, they do not guarantee that laboratories are generating valid results, nor do 
they provide detailed guidance on conducting validation studies.  

Practitioners recognize the importance of validation but often struggle to apply it in 
practice. Designing and conducting robust validation studies can be complex and costly. 
Forensic science faces additional hurdles as evidentiary materials submitted for analysis may be 
limited in quantity and subject to contamination, degradation, and damage due to uncontrolled 
environmental conditions and other factors relating to evidence detection, collection, and 
handling. Accounting for a wide variety of evidentiary circumstances, such as the type, quality, 
or condition of materials, can be overwhelming and is often impractical in a single study. 
Furthermore, resources are often limited, and many laboratories are left to conduct validation 
studies in isolation [Wickenheiser & Farrell 2020].     

This document is intended to help the forensic science community better understand 
how validation can be effectively approached. It expands on the definition of validation 
provided by ISO/IEC 17025, discusses the components of validation in the context of forensic 
science, and identifies five principles to guide validation activities in practice. It also encourages 
collaborative and community-based approaches to validation testing, including sharing plans, 
materials, methods, and data to: (1) reduce resource burdens on individual laboratories 
performing validation testing, (2) allow laboratories to make validation decisions more quickly, 
and (3) enable laboratories to convey information about the accuracy and reliability of their 
methods with greater confidence. 
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By expanding on the definition of validation provided by ISO/IEC 17025 and outlining 
principles guiding validation activities in practice, this document provides a framework for other 
resources and materials to build upon, including the development of: 

• discipline- and method-specific documentary standards, guidelines, and best practice 
recommendations for how to conduct validation (e.g., defining requirements, 
characterizing performance, establishing decision-making criteria);  

• standardized templates for validation plans, reports, and data; and  

• software tools and repositories for analyzing, interpreting, and sharing validation 
materials and data.  

Figure 1 illustrates how this document fits within the broader realm of guidance and resources 
for validation.  

 

 

Figure 1: Diagram illustrating the purpose of this document (shaded portion) within the broader landscape of 
documentary standards and guidelines for forensic science.  
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2. Glossary 

For purposes of this document, the following terms and definitions apply. Terms included in the 
Glossary appear in bold on their first use in the text. 

Circumstance of use 
A broad term that refers to any condition that may impact the performance of a method and 
includes evidentiary circumstances and implementation conditions. 

Deterministic method 
A method for which the output is certain and predictable by its initial state and input 
parameters—the same output is always produced for a given input. 

Evidentiary circumstance 
A broad term that refers to the type, quality, or condition of materials subject to forensic 
analysis, and includes physical items and digital artifacts. 

Implementation conditions 
A broad term that refers to the circumstances under which a method is applied and includes 
personnel (e.g., training, competency), facilities and environment (e.g., temperature, humidity, 
contamination), and equipment (e.g., function, calibration). 

Performance characteristic 
A parameter that describes an attribute of the method’s effectiveness (e.g., accuracy, precision, 
discriminability, repeatability, reproducibility), expressed in terms of both the performance 
measurement and its associated uncertainty.  

Performance characterization 
A description of the performance of the method, to include performance measurements and 
their associated uncertainties, for all performance characteristics tested.  

Performance measurement 
A quantifiable expression of a performance characteristic.  

Uncertainty 
The degree of variability or confidence in the accuracy of a performance measurement.  

Validation data 
The individual test inputs and outputs of the method and associated metadata relevant to the 
testing and evaluation. 
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3. Validation Elements and Guiding Principles 

Building on the definition of validation provided by ISO/IEC 17025 (i.e., provision of 
objective evidence that a given method fulfils specified requirements for an intended use), 
there are three elements fundamental to the process of validation, each of which is described 
in greater detail in Appendix A:  

(1) Defined scope and requirements for an intended use  

(2) Characterization of method performance within the bounds of a defined scope  

(3) Decision whether the method is acceptable for use     

Additionally, ISO/IEC 17025 specifies that laboratories must retain records relating to validation 
and that results be reported with all the information necessary for proper interpretation 
[ISO/IEC 17025:2017, pp. 11-12, 14]. 

The cornerstone of validation is validation data. How the data is generated, 
documented, and conveyed all impact the performance characterization and ultimately how 
the performance of a method is assessed (see figure 2 for an infographic illustrating the 
definition and components of a performance characterization). These factors inform whether a 
method is acceptable for use and the interpretation of the results [ILAC-G19:2022, pp. 15-17].  

 

 

Figure 2: Components of a performance characterization. In this example, accuracy, repeatability, and 
reproducibility have been deemed as relevant characteristics to describe the effectiveness of the method. The 

bracketed ellipsis refers to additional performance characteristics that may be deemed relevant. 



NIST IR 8589 
December 2025 
 

5 

 

Engagement with forensic science practitioners, researchers, legal experts, statistical 
experts, and NIST subject matter experts, along with a review of relevant literature and 
standards, led to the development of five principles for guiding validation activities (Box 1). 
These principles are intended to provide an interdisciplinary framework for conducting 
validation activities to improve the robustness, transparency, and access to data supporting 
validation decisions. Although these principles are industry- and sector-agnostic, they are 
discussed in the context of forensic science.  

 

 

 

 

 

  

Box 1: Guiding Principles for Validation 

 

The guiding principles outlined below provide an interdisciplinary framework for conducting 
validation activities.   

 

1. Validation is an ongoing process, and each element of validation—scope and 
requirements, performance characterization, and validation decisions—should be 
routinely reassessed as data accumulates and evidentiary circumstances evolve.  

2. Validation data should be collected and documented in a manner that allows the 
user to distinguish among different circumstances of intended use. 

3. Validation data should cover the range of circumstances of intended use.  

4. Performance characterizations should be comprehensive, including characteristics 
relevant to describing the method’s effectiveness and uncertainties associated with 
measurements of those characteristics.  

5. The suitability of a method should be assessed within the context of each analysis, 
and performance characterizations should be conveyed in parallel with the result of 
the analysis, including the underlying data and any limitations that may affect the 
interpretation of the result. 
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 Guiding Principle #1 

 

 

 

The elements of validation are interrelated, and validation activities are dynamic. The 
scope, requirements, performance characterizations, and decisions related to acceptable use 
can change; therefore, performance should be monitored and validation elements should be 
revisited periodically as more data accumulates [Eurachem 2025].  

The initial scope and requirements inform the approach for characterizing method 
performance among the different potential circumstances of use. The results of the 
performance characterization, in turn, define those circumstances for which the method is 
acceptable [ANZPAA 2025, pp. 13]. Additional testing may improve the performance 
characterization(s) or inform refinements to the scope. Figure 3 illustrates the process of 
validation and the interrelatedness among the different elements.  

Even within the bounds of a scope of use, evidentiary circumstances can vary and 
evolve. This is especially important in rapidly changing fields (e.g., emergence of 3D printed 
guns, novel psychoactive substances, digital evidence) or for methods that rely on software or 
web-based services that are routinely updated.  

 

 

 

   

 

Validation is an ongoing process, and each element of validation—scope and requirements, 
performance characterization, and validation decisions—should be routinely reassessed as 

data accumulates and evidentiary circumstances evolve. 
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Figure 3: The validation process, reflecting the interrelatedness among the different validation elements (see 
Appendix A for further details). 

 

 

 

 

  

Define Scope and 
Requirements 

Accumulate 
Performance 

Characterization 
Data 

Decide 
Acceptable Use 

Key Takeaway 3.1:  
Validation is a dynamic, iterative process involving interrelated components. 
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 Guiding Principle #2  

 

 

 

Validation data and related performance characterizations serve as an important basis 
for deciding whether a method is acceptable for use. They also provide the information 
necessary to properly interpret the output of a method (i.e., the extent to which a result can be 
relied upon). The validation data should be structured in a way that allows the user to 
distinguish among individual circumstances of use (i.e., evidentiary circumstances and factors 
relating to the particular implementation of the method encountered in casework) [ANZPAA 
2025, p. 25]. This can be accomplished by documenting the output from each test used to 
assess the method, along with descriptors of the circumstances represented by each test. Table 
1 provides an example format for capturing validation data.   

Structuring the validation data in this way is important because performance 
measurements and their associated uncertainties might vary when a method is applied to 
different evidentiary circumstances (e.g., quantity, quality, condition of material or analyte 
available) or under different implementation conditions (e.g., personnel, facilities and 
environmental conditions, equipment). Examinations involving partial, degraded, or low-quality 
materials may yield worse performance when compared to those involving high-quality 
materials [OSAC 2020, pp. 7-8]. Aggregate summaries of a method’s performance across 
varying circumstances of use can be misleading with respect to the performance of the method 
when used in a particular circumstance.  

Structuring the validation data in this way is also useful when determining the 
appropriateness of using a method in a particular circumstance. Performance characterizations 
should be provided in a way that is relevant to the specific conditions of each analysis (see 
Guiding Principle #5). For example, subsets of the validation data could be labeled as originating 
from testing conditions that are more difficult, equally difficult, or less difficult than the 
evidentiary circumstances for the analysis within the case at hand, with performance 
characterizations offered for each subset. Regardless of how data are labeled or aggregated 
when evaluating performance, the individual outputs produced by the method during testing, 
along with descriptors of the circumstances represented by each test, should be documented 
such that the underlying data can be considered from multiple perspectives [ANZPAA 2025, p. 
28].  

 

 

 

 

Validation data should be collected and documented in a manner that allows the user to 
distinguish among different circumstances of intended use. 
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Validation Data 
Type of 
material 

Quality of 
material 

Condition of 
material 

. . .  
Method 
Outputs 

Test Input #1      

Test Input #2      

Test Input #3      

Test Input #4      

Test Input #5      

. . .      

 

Table 1: Example format for documenting validation data (including metadata) that distinguishes among the 
individual circumstances for which the method is being tested. Each output produced by the method should be 

documented along with descriptors of the circumstances represented by each test. The ellipsis indicates a 
continuation of descriptors, as applicable. 

 

 

 
 

 

  

Key Takeaway 3.2:  
Relying on performance characterizations that combine results across 

circumstances of use—where performance is likely to vary—can be misleading 
about the performance of a method when used in a particular circumstance. 
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 Guiding Principle #3 

 

 

 

Performance characterizations should be based on validation data that (1) covers the 
range of circumstances expected to be encountered in casework [ILAC-G19:2022, pp. 15-17; 
ANZPAA 2025, p. 21] and (2) reflects the performance of a method as implemented within a 
particular laboratory. It can be challenging to test the performance of a method against all 
possible types, qualities, and conditions of materials that forensic science laboratories may 
encounter. However, the burden of such comprehensive testing does not necessarily need to 
be borne by each individual laboratory [Wickenheiser & Farrell 2020].  

To ease this burden, the performance characterization can be based on data from the 
laboratory implementing the method1 as well as data shared by other sources, such as 
researchers, developers, and other laboratories, when those data are applicable to the specific 
implementation2 [Eurachem 2019a; Eurachem 2019b; Eurachem 2025; FSR 2024; FSR 2025; 
ANZPAA 2025, p. 7]. The extent to which data from other sources is applicable to a particular 
laboratory’s performance characterization depends on the extent to which the outputs are 
predictive of each other. This is typically assessed by testing the reproducibility of outputs 
among different implementations of the method using the same or similar samples, such as 
through well-designed interlaboratory comparison studies. For deterministic methods, such as 
computer algorithms with fixed logic, this can be achieved by referencing well-established 
theories and principles [Lyle et al. 2022, p. 43].  

Sharing validation data helps practitioners, researchers, and developers to evaluate the 
extent to which existing data covers the range of evidentiary circumstances, implementation 
conditions, or other factors encountered by forensic laboratories that can impact performance. 
Sharing data also enables evaluation of the robustness of a method and how existing data can 
inform performance characterizations by considering the extent to which:  

(1) differences in circumstances of use impact performance;  

(2) results from different methods (or individual components of the methods) are 
comparable;  

(3) results from one laboratory are predictive of the results of the same analysis from 
another laboratory; and  

(4) aspects of data format, quality, provenance, and integrity are acceptable for use.  

 
1 Validation data obtained from within the laboratory implementing the method might also be referred to as 
“internal validation data” or “single-laboratory validation data.” 
2 Validation data obtained from other sources might also be referred to as “developmental validation data” or 
“multi-laboratory validation data.” 

Validation data should cover the range of circumstances of intended use. 
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Box 2 provides guidance that can increase the likelihood of validation data being used by 
laboratories across the community. 

 

 

 

 
 

 

Key Takeaway 3.3:  
Approaching validation as a community-based effort reduces the burden on 

individual laboratories and increases the information known about a method’s 
performance. 

Box 2: Guidance for strengthening validation through community collaboration 

 

Laboratories can increase the breadth of validation data available and the usefulness of 
performance characterizations across the community if they: 

(a) Establish policies and procedures to allow for the ethical collection, sharing, and use 
of data and materials, such as de-identified biological material or biometric 
information, for use in validation. 

(b) Adopt a common set of method procedures so that the same methods are applied 
across laboratories. 

(c) Document validation data using standardized templates so that the data are in a 
consistent format and data structure that can be readily compared. 

(d) Share data used to support validation decisions, including but not limited to: 

i. validation plans and method procedures;  

ii. materials tested, including applicable informed consent and privacy 
protections;  

iii. validation data, including descriptions of the evidentiary circumstances and 
implementation conditions represented by each test; and 

iv. description of the performance of the method, to include all performance 
measurements and their associated uncertainties (i.e., performance 
characterization). 
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 Guiding Principle #4   

 

 

 

For performance characterizations to be useful, the performance characteristics 
measured, such as accuracy, precision, discriminability, repeatability, and reproducibility, must 
be sufficient to permit a comprehensive assessment of performance. This entails identifying the 
performance characteristics relevant to describing the effectiveness of the method within the 
context of its intended application and assessing the uncertainties associated with the 
measurements of those performance characteristics.  

Choosing the relevant performance characteristics depends on the intended use of the 
method, the environment in which it will be applied, and the requirements that need to be met 
[ANZPAA 2025, p.17]. In forensic science, error rates (e.g., false positive rates and false negative 
rates) are often relied upon as standalone performance characteristics. While error rates are 
informative, describing the effectiveness of a method using error rates alone is an 
oversimplification when the method can produce more than two outcomes [Swofford et al. 
2024]. This is often the situation when using categorical interpretation scales, where an 
inconclusive result is possible in addition to inclusionary or exclusionary results, or when using 
numeric scales, such as a likelihood ratio. In these situations, relying solely on error rates as the 
basis for a performance characterization can be incomplete and misleading.3  Similarly, errors 
stemming from systematic issues, such as software bugs, can be informative about the 
technical limitations of a software application, but are not well described in terms of error 
rates. For example, in computer software that relies on deterministic code, the same result 
(correct or incorrect) will occur every time for a given input [Lyle et al. 2022, p. 43]. Careful 
consideration should be given to ensure that the measured performance characteristics convey 
the information needed to assess the suitability of the method and interpret the results 
produced.  

Performance measurements are estimated values of performance characteristics that 
carry some degree of uncertainty, which can vary based on the amount of data available from 
testing, among other factors [ANZPAA 2025, pp. 26-27]. Uncertainty is inherent in any 
estimated value and reflects the degree of variability or confidence in the accuracy of a 
measured outcome due to factors such as limited data, measurement errors, model 

 
3 A similar example could be constructed to show that the alternative metrics of sensitivity (true positive rate) and 
specificity (true negative rate) also do not adequately characterize method performance. Such examples illustrate 
the perils of trying to summarize the performance of a method with a non-binary range of conclusions with the 
same number of parameters as a method with a binary range of conclusions. Two additional independent 
parameters or rates are required to fully characterize method performance for each element added to a binary 
conclusion scale. 

Performance characterizations should be comprehensive, including characteristics relevant 
to describing the method’s effectiveness and uncertainties associated with measurements 

of those characteristics. 
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assumptions, or inherent randomness. Performance measurements without their associated 
uncertainties cannot be meaningfully interpreted [Possolo 2015]. 

There is no general rule for a minimum or maximum amount of data needed to 
characterize method performance for a particular evidentiary circumstance; more validation 
data is often informative but not always necessary or practical. Performance measurements 
based on limited amounts of validation data tend to have greater uncertainty, whereas 
measurements based on more extensive validation data often have less uncertainty. Methods 
which have measurements that reflect poor performance (e.g., low accuracy, repeatability, 
reproducibility) with limited validation data are unlikely to reflect good performance when 
additional validation data is collected. The choice of how much validation data to collect for a 
given evidentiary circumstance depends on the requirements that need to be met relating to 
the performance characterization (e.g., to demonstrate that the lower bound for a performance 
measurement at a given confidence level exceeds a specified minimum threshold) [ANZPAA 
2025, pp. 21-22]. Figure 4 illustrates a performance measurement with and without its 
associated uncertainty intervals. 
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Figure 4: Illustration of the importance of ensuring performance measurements include their associated 
uncertainty. The image reflects three identical performance measurements without (left) and with (middle and 

right) their associated uncertainties. The circle reflects the estimated value of the performance characteristic. The 
vertical line represents the degree of variability or confidence in the accuracy of the estimated value of the 

performance characteristic due to factors such as limited data, measurement errors, or inherent randomness in 
the method. It may represent a confidence interval or posterior credible interval, for example, and what the error 

bars represent must be stated. Performance measurements without an associated uncertainty (left) cannot be 
meaningfully interpreted as the degree of variability is not defined. Performance measurements based on limited 

amounts of validation data tend to have greater uncertainty (middle) than those based on more extensive 
amounts of validation data, which tend to have less uncertainty (right). 
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Key Takeaway 3.4:  
Performance characterizations are incomplete without all relevant performance 

characteristics, performance measurements of those characteristics, and an 
expression of their uncertainty. 
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 Guiding Principle #5 

 

 

 

For a user to understand how to interpret the results of a method, performance 
characterizations should be made available [ANZPAA 2025, p. 30]. These performance 
characterizations should reflect the performance of the method both (1) in general across the 
range of circumstances of use and (2) at or near the specific circumstance of use for a particular 
analysis. The underlying data on which the characterizations are based, as reflected in Table 1, 
and any limitations that may affect the interpretation of the result (e.g., uncertainties 
associated with the performance measurements due to limited validation data relevant to the 
specific circumstance) should also be made available [ISO/IEC 17025:2017, p. 14].  

Validation decisions can vary among laboratories depending on their requirements, 
ability to perform the method, case-specific evidentiary circumstances, or needs of the user(s). 
While the decision that a method is acceptable for use is influenced by the performance 
characterization of the method, the assertion that a method has been deemed acceptable does 
not convey any of the information needed for others to assess that decision or properly 
interpret the results in a particular circumstance [Swofford et al. 2024].    

Conveying relevant information about the performance of a method is important so that 
users of the result can understand the extent to which the output of a method can be relied 
upon. Without information reflecting the performance of the method—both in general and 
specific to a particular analysis—there is a risk that the weight assigned to the method’s result 
could be under- or over-valued, impacting judicial outcomes [Swofford et al. 2024].   

Figure 5 illustrates the steps that laboratory analysts should consider for each analysis in 
which a method is used. First, the evidentiary circumstance(s) for a particular analysis need to 
be described. Second, the performance of the method needs to be evaluated against the 
performance requirements using validation data that is relevant to the evidentiary 
circumstances in the case at hand. Third, the laboratory analyst must determine whether the 
method is acceptable for use in that circumstance and consider any limitations that may affect 
the interpretation of the result. Fourth, the performance characterizations (including the 
underlying data) and limitations affecting the interpretation of the result should be 
communicated alongside the result of the analysis. 

 

The suitability of a method should be assessed within the context of each analysis, and 
performance characterizations should be conveyed in parallel with the result of the 

analysis, including the underlying data and any limitations that may affect the 
interpretation of the result. 
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Figure 5: Workflow illustrating considerations made by the laboratory analyst for each analysis in which a method 
is used. 

 

 

 

 

 

  

• Describe evidentiary circumstances for the analysis in the case at hand

• Evaluate method validation data relevant to the evidentiary circumstances and 
requirements for acceptable use

• Decide whether the method is acceptable for use and determine any limitations that may 
affect results

• Convey results, limitations, and performance characterizations (both in general and 
specific to the evidentiary circumstances at hand).

Key Takeaway 3.5:  
Information about the performance of a method—both in general and relevant to 
the individual circumstance(s) for which the method was used—is important for 
validation decisions to be assessed and the result of the method to be properly 

interpreted. 
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4. Conclusion  

Validation is a critical process in forensic science, enabling users to evaluate whether 
methods are (or are not) acceptable for their intended purpose and capable of routinely 
producing accurate and reliable results. Given the importance of forensic evidence to the 
criminal justice system, robust validation practices are essential for ensuring the system 
operates effectively. International standards such as ISO/IEC 17025, provide a general 
framework for demonstrating competence, yet forensic laboratories face challenges in 
conducting validation studies because of resource constraints and the wide variation and 
complexity of evidentiary materials encountered in casework. This document outlines five 
principles for guiding the collection and use of validation data, emphasizing the need for 
continuous assessment, relevant performance characteristics, and data sharing. By adopting 
these principles and fostering community-based approaches to validation, forensic laboratories 
can deploy new methods more quickly, with greater confidence and lower costs, strengthening 
the quality of information relied upon by law enforcement and courts.   
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Appendix A. Validation According to ISO/IEC 17025 

ISO/IEC 17025 defines validation as “verification, where the specified requirements are 
adequate for an intended use” [ISO/IEC 17025:2017, p. 2]. Verification is defined as the 
“provision of objective evidence that a given item fulfils specified requirements” [ISO/IEC 
17025:2017, p. 2]. ISO/IEC 17025 clarifies that the term “item” in the definition can refer to a 
“measurement procedure” [ISO/IEC 17025:2017, p. 2] which is considered synonymous with 
the term “method” [ISO/IEC 17025:2017, p. 10]. Thus, within the context of ISO/IEC 17025, 
validation is described as the provision of objective evidence that a given method meets 
specified requirements, including a performance that is deemed to be acceptable for its 
intended use. ISO/IEC 17025 also specifies that laboratories must retain records relating to 
validation and that results be reported with all the information necessary for proper 
interpretation [ISO/IEC 17025:2017, pp. 11-12, 14]. 

There are three fundamental elements of validation. Each of these elements and its 
relation to one another is described in turn below.  

(1) Defined scope and requirements for an intended use  

(2) Characterization of method performance within the bounds of a defined scope  

(3) Decision whether the method is acceptable for use     

 

A.1. Defined Scope and Requirements 

The scope and requirements for an intended application provide the context in which 
the method’s performance will be characterized and the basis for deciding that the 
performance characterization is acceptable for use.  

The scope describes the purpose of the method and the circumstances (i.e., conditions, 
parameters, or other factors that can impact performance) for which the performance will be 
characterized. The requirements describe the criteria for deciding whether the method is 
acceptable for the intended purpose and circumstances. Requirements include, but are not 
limited to, specifications relating to measures of performance characteristics, such as 
measurement range, accuracy, limit of detection, limit of quantification, selectivity of the 
method, linearity, repeatability, reproducibility, robustness against external influences or cross-
sensitivity against interference from the matrix of the sample or test object, and bias [ISO/IEC 
17025:2017, p. 11]. Requirements relating to performance measurements should include 
specifications of confidence level(s) or uncertainty interval(s), as applicable. Requirements may 
also include specifications relating to deployment, throughput, ease of use, and health and 
safety. Requirements of a method for an intended application can vary depending on the 
context of the application, evidentiary circumstances, or needs of the users. 
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A.2. Characterization of Method Performance 

A performance characterization is based on performance measurements and their 
associated uncertainties for all relevant performance characteristics. Performance 
measurements, including their associated uncertainties, describe the effectiveness of a method 
under different evidentiary circumstances, such as type, quality, or conditions of materials 
encountered within the scope of a given application. The performance characterization is an 
important basis upon which validation decisions are made (i.e., that the method is acceptable 
for use). The performance characterization is also essential for users of the method’s result to 
properly interpret the output (i.e., the extent to which a particular result can be relied upon in 
that circumstance). 

A performance characterization requires that the method and its components be 
subjected to an empirical evaluation. This includes empirical testing but may also include other 
types of analyses such as expert review. Empirical testing provides the data used to estimate 
the performance measurements (including their associated uncertainties) for various 
performance characteristics such as accuracy, precision, discriminability, repeatability, and 
reproducibility within the bounds of a defined scope. The choice of what performance 
characteristics to measure depends on the requirements specified for the intended application 
and the needs of the users of the method’s results. Likewise, the testing should be as extensive 
as necessary to meet the needs of the intended application [ISO/IEC 17025:2017, p. 11]. 

Performance measurements should be based on data that covers the range of varying 
circumstances relating to evidentiary material, implementation conditions, and other factors 
that can impact performance within the scope of the intended application. This is important 
because performance measurements vary when a method is subjected to different evidentiary 
circumstances (e.g., quantity, quality, conditions of material or analyte available). Performance 
measurements may also vary among different implementations of the method or auxiliary 
factors, such as personnel (e.g., training, competency), facilities and environmental conditions 
(e.g., temperature, humidity, contamination), and equipment (e.g., function, calibration). Thus, 
a method could produce strong performance measurements in some evidentiary circumstances 
or implementation conditions, but not in others. As more validation data accumulates for a 
particular evidentiary circumstance and across a range of evidentiary circumstances, the more 
confident one can be about the performance characterization of the method and results 
produced.  

In situations where some individual circumstances are not represented by the validation 
data either at all or in significant quantity, related uncertainty values will be larger. Additional 
validation data may be needed to adequately characterize the performance for those 
circumstances. These data can be obtained from testing within the laboratory or sometimes 
from other sources (see Guiding Principle #3). Alternatively, performance measurements for a 
particular circumstance (or defined subset of circumstances) for which data is limited or 
nonexistent can be interpolated from nearby values represented within the range of 
circumstances accounted for in the validation data. The extent to which such interpolation is 
appropriate depends on factors such as the degree to which the circumstances differ, the 
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amount of validation data available, and the adequacy of the performance characterization 
within those bounds.4  

 

A.3. Validation Decision 

A validation decision is the assessment of whether a method is acceptable for use. This 
decision is based on data demonstrating the method satisfies applicable requirements, 
including an acceptable performance characterization and that the method, as implemented, 
can be properly applied and achieve the required performance. A decision that a performance 
characterization is acceptable may relate to either or both: (1) a demonstration that the 
measures of performance and their associated uncertainties satisfy a particular specification 
that is appropriate for the intended use, such as minimum or maximum threshold value(s); or 
(2) a demonstration that the performance characterization accounts for relevant sources of 
error when evaluating the uncertainty of the measurement result, to an extent that is 
appropriate for the intended use. The decision of whether a method is acceptable for use is 
two-pronged.   

First, a laboratory administrator must (a) evaluate the performance characterization 
along with other applicable requirements, (b) verify the method as implemented can be 
properly performed, and (c) decide whether the method is acceptable for use within a defined 
scope of application. Such decisions effectively authorize the use of the method within the 
laboratory.5 However, a method that has been authorized for use does not mean it is 
appropriate for all evidentiary circumstances that may be encountered. The extent to which a 
method is appropriate for a particular evidentiary circumstance depends on the degree to 
which data exists to characterize its performance in a particular circumstance or similar 
circumstances.  

Second, a laboratory analyst must consider the specific evidentiary circumstance(s) 
represented for a particular analysis and decide whether a previously authorized method is 
acceptable for use in that case and any limitations that may affect the interpretation of the 
result (e.g., uncertainties associated with the performance measurements due to limited 
validation data relevant to the specific circumstance).  

 Validation decisions are the responsibility of individual laboratories based on their 
requirements, their ability to perform the method, case-specific evidentiary circumstances, or 
needs of the user(s), given the context of the application. Therefore, validation decisions made 

 
4 Interpolation is contrasted with extrapolation.  Interpolation involves estimating performance measurements for 
circumstances that lie within a range of circumstances for which data exists.  Extrapolation involves estimating 
performance measurements for circumstances that lie outside a range of circumstances for which data exists.  
Extrapolation is often not appropriate because the estimated performance measurements would extend beyond 
the boundaries of the existing data, particularly when performance is likely to be worse than the circumstances 
represented by the existing data.   
5 A method that has been authorized for use might also be referred to as a “validated” method.  However, doing so 
can lead to misinterpretations because not all methods that have been authorized for use within the laboratory 
are appropriate for all evidentiary circumstances that might be encountered. 
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by one laboratory are not necessarily applicable across all other laboratories or cases. A 
method that has been authorized by one laboratory does not obligate or constrain other 
laboratories to accept that decision. Requirements for “acceptable use” may differ, or the 
ability to properly perform the method could be limited. Likewise, a contradictory decision by 
one laboratory does not necessarily negate validation decisions by other laboratories. 

 




