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Content validity is a fundamental requirement of outcome measures. After reviewing operational needs and existing definitions, content validity we as defined as: the extent to which a measure provides a comprehensive and true assessment of the key relevant elements of a specified construct or attribute across a defined range, clearly and equitably for a stated target audience and context. ICF linkage rules from 2002, 2005, and 2019 have provide increasingly clear processes for describing and evaluating content of outcome measures. ICF Core Sets provide international reference standards of the core constructs of importance for different health conditions. Both are important as reference standards during content validation. To summarize their use as reference standards, the following summary indicators were proposed: (1) Measure to ICF linkage, (2) Measure to (Brief or Comprehensive) Core Set Absolute Linkage, (3) Measure to (Brief or Comprehensive) Core Set Unique Linkage, (4) Core Set Representation, and (5) Core Set Unique Disability Representation. Methods to assess how respondents engage with content are needed to complement ICF-linking. Cognitive interviewing is an ideal method since it used to explore how respondents interpret and calibrate response to individual items on an outcome measure. We proposed a framework for classifying these responses: Clarity/Comprehension, Relevance, Inadequate response definition, Reference Point, Perspective modification, and Calibration Across Items. Our analysis of 24 manuscripts that used ICF linking for content validation since updated linking rules were published found that authors typically used linking to validate existing measures, involved multiple raters, used 2005 linking rules, summarized content at a concept level (e.g., impairment, activity, participation) and/or use core sets as a reference standard. Infrequently, ICF linking was used to create item pools/conceptual frameworks for new measures, applied the full scope of the 2019 linking rules, used summary indicators, or integrated ICF-linking with qualitative methods like cognitive interviews. We conclude that ICF linkage is a powerful tool for content validity during development or validation of PROM. Best practices include use of updated ICF linking rules, triangulation of ICF linking with participant assessments of clarity and relevance preferably obtained using cognitive interview methods, and application of defined summary indicators.
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INTRODUCTION

The issue of content validity of health outcome measures is the most critical, and most neglected area of clinical measurement science. Content validity is important for all health outcome measures and is especially complex to measure for patient-reported outcome measures (PROM) since how potential respondents interact with items depends on a variety of factors related to the respondent e.g., age, language, culture, lifestyle, life experience, health; and factors related to the PROM e.g., content, clarity, and comprehensiveness. Development of methods for content validation support more rigourous development of new PROM and evaluation of existing PROM. Progress in different aspects of content validity and ICF linking has been evident in recent years. For this reason, an integrated narrative review that focuses on methods for using ICF linking in content validation is one way to bring together emerging work with a view to greater clarity and rigor in content validity research.

The purposes of this paper are:

1. To describe previous content validity definitions and propose a more comprehensive operational definition

2. To discuss how ICF linking can be used to support content validation

a. To provide simple indicators that can be used to summarize how PROM items codes relate to ICF and relevant ICF Core Sets

3. To describe how cognitive interviewing complements ICF linking

a. To provide summary indicators for describing sources of potential errors or cognitive dissonance as respondents interpret and respond to PROM instructions or items

4. To describe, through a structured review process, how ICF linking has been used in the development or evaluation of item pools for PROM since the updated 2016 ICF linking rules were published.



CONTENT VALIDITY DEFINITIONS

Content validity has been defined by multiple authors with varying elements. We located published definitions of content validity and listed below some of the key existing definitions. This is not an exhaustive list of all known published definitions but illustrates that there is some shared vision of what constitutes content validity in prior literature, but also that definitions differ in their focus on relevance, range, clarity, and representation of the construct as key elements of content validity. Based on core constructs from different definitions and methodologies used to assess content validity we have constructed an operational definition (Table 1).


Table 1. Definition of content validity.
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1. The degree to which elements of an assessment instrument are relevant to, and representative of the targeted construct, for a particular assessment purpose (1)

2. The degree to which an instrument has an appropriate sample of items for the construct being measured (2)

3. Whether or not the items sampled for inclusion on the tool adequately represent the domain of content addressed by the instrument (3)

4. The extent to which an instrument adequately samples the research domain of interest when attempting to measure phenomena (4)

5. The extent to which a scale or questionnaire represents the most relevant and important aspects of a concept in the context of a given measurement application (PROMIS consensus) (5)

6. The degree to which a sample of items, taken together, constitute an adequate operational definition of a construct (6)

7. The degree to which the content of an instrument is an adequate reflection of the construct to be measured (7)

8. The extent to which a subject's responses to the items of a test may be considered to be a representative sample of his responses to a real or hypothetical universe of situations which together constitute the area of concern to the person interpreting the test (8).

9. Whether or not the items sampled for inclusion on the tool adequately represent the domain of content addressed by the instrument (3).

Ideally content validity is well-attended to during development of a PROM since content validity requires careful conceptualization of the construct and potential domains during item generation and preliminary testing (Figure 1). Basic science, theory, and quantitative or qualitative empirical studies on the experiences of people living with impairment or disability can inform item generation (9). Developers often use or adapt items from pre-existing PROM. Clinical experts can provide expert knowledge of the health condition mechanisms and impacts and are ideally suited to judge whether a PROM addresses the nature and range of health manifestations of a given health condition, or the attribute being assessed. Social media scraping and observational studies of behavior can also inform the item generation but are less commonly used than methods involving patient/expert interviews or surveys. The International Society for Pharmacoeconomics and Outcomes Research (ISPOR) Board of Directors produced a report on “Patient Reported Outcomes (PRO) Content Validity Good Research Practices” that emphasized the importance of qualitative approaches to item generation (10). It stated that important steps include: having a framework, coding system and training of coders to optimize the rigor of moving from qualitative interviews to PROM items. The PROMIS group (5) emphasized that understanding content validity includes: (1) specifying the concept the scale is intended to represent; (2) scaling the concept's various components and items; and (3) defining the PRO measure's intended purpose, the opinions of patients about whether the item is relevant to them and the clarity of how the item is framed.
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FIGURE 1. Content validation is a key foundation when developing and evaluating PROM.


It is a responsibility of the instrument developer to develop/test items that are representative of the target construct/attribute and that are relevant for a wide array of users. Items should cover a sufficient range, be equitable and generalizable. It is important to consider differences due to gender, culture, age, differing levels of health literacy, and factors that might affect how a construct manifests or how an item measures the intended construct. Yet these issues are often underexplored and vaguely reported during content validation. Achieving the best pool of item is a challenging and iterative process. While Figure 1 suggests a sequence, the ordering of steps, optimal number of iterations varies, and processes can vary at each state. Consultation with the target population, clinical experts and method experts can be used to refine definitions of the construct, target audience and the item pool. In our experience it is important to include both quantitative and qualitative methods during development of items. The patient perspective is the most important one since PROMs represent the patient view and give patients a voice in outcome evaluations. Experts in clinical measurement methods and clinical experts can contribute insights that are unique and complementary to that provided by patients.

The investigation of content validity often occurs, or is extended, after a PROM is made available for public use. This is important since content validity may have been insufficiently reported by the original developers, can vary by target audience or be different across different contexts/cultures. A clear operational definition of content validity and tools to assess content validity can facilitate rigorous evaluation of existing PROMs and can inform what methods are needed to assess aspects of content validity. For example, COSMIN suggested 10 criteria for evaluation of content validity: 5 are allocated to relevance, one to comprehensiveness and 4 to comprehensibility (11).

Content validity of PROM is dependent on the item pool being rich, diverse, and yet specific to the intended construct. Item generation processes can use patient interviews, other PROMs, and expert opinion as sources. In some cases, developers start with a pre-defined construct and define items that fit within that construct. In other cases, the patient and expert opinions are used to define a model or definition of the construct being measured, before proceeding to item generation. Content must be interpreted and classified in a way that leads to specific items and a structure (unidimensional or multiple subscales). Content validity indices use survey methods and percentage indicators to summarize how respondents rate the relevance of items (4, 6, 12, 13). Clinimetric methods consider importance and frequency ratings as indicators of relevancy (14, 15). Some authors use qualitative approaches, to explore relevance and ease of comprehension during development (10, 16–18). It is likely that integration of multiple methods is needed to determine whether items represent the spectrum, context, and features of the intended construct, since different methods have strengths and limitations. Unfortunately, many developers fail to report how qualitative interviews or opinions directly led to generation of items. Common areas that are under-reported are how the construct was defined, how the subcomponents of that construct were defined and how the items were generated to reflect the appropriate dimensions and weighting of elements of that construct. Methodologists have made some steps toward clarifying methods, such as those reported by the COSMIN group (7, 11). ICF linking rules which provide a framework and method for describing and classifying content about functioning, disability and health are an important tool for PROM developers and evaluators (19–25).

Psychometric studies of PROM often focus on quantitative measurement properties like reliability, structural or construct validity and responsiveness. As a result, systematic reviews of PROM often fail to address content validity or find it lacking for existing PROM. However, investigating psychometric properties of PROM that have not been adequately subject to content validity is problematic. Items with poor clarity contribute to random error which limits reliability and makes it more difficult to detect true changes (responsiveness) or real relationships between variables (construct validity). Proof of reliability does not mean that the intended construct intended is being measured, it only means that scores are stable. Analyses like factor analysis or Rasch analysis are likely to demonstrate poor model fit if content validity is inadequate. Therefore, content validity should be considered an essential prerequisite for investigation of psychometric properties.

Failure to establish content validity can have negative consequences on health research since inadequate content validity undermines the validity of the conclusions. We may fail to detect treatment effects if PROM do not capture the elements that the treatment is targeting. Conversely, if a PROM assesses different constructs than intended, this can lead to false conclusions about the mechanisms of action of an intervention. Limited content validity can impede the progress of health research by confounding our understanding of phenomena, allowing inaccurate attribution of causation, failing to identify effective interventions, or accepting interventions based on flawed assumptions.

For all the reasons above greater attention to the methods of content validity is important for health research. The focus of this integrative review is to focus on the use of ICF linking to describe the content of PROMs and how it is complemented by exploring how patients interact with content using cognitive interviewing.



ICF LINKING AND SUMMARY INDICATORS

Icf provides a conceptual framework that considers body structure/function (impairments), activity (limitations) and participation (restrictions) (26). These interacting domains of health can be modified by personal and environmental factors (27). ICF also provides a hierarchical coding system where body structure (s), body function (b), disability (d), and environmental (e) factors codes can be used to describe the aspects of disability, functioning and health that are affected using a common language. Like any language, ICF can support an unlimited number of applications. Clinical measurement research is just one of the many uses of ICF linking. ICF linking was defined in 2002 (28) and has been refined in 2005 (21) and 2019 (22) in update publications (published online in 2016). See Table 2 to review the progression of these linking rules.


Table 2. Evolution of ICF linking rules developed by Cieza et al. (23).
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The linking rules updates build on each other, while maintaining a consistent approach. Consistent across each version are rules stating that people should have content knowledge to classify content and that content should be linked as specifically and precisely as possible within the ICF hierarchical classification system. In some items, this result in codes that are broad, even at the chapter level, if the item being evaluated is posed at a very broad level. In other cases, a very specific code may be assigned, at a 3rd or 4th level, if an item has a narrower focus. Greater specificity is indicated by codes with more numbers that reflect deeper level codes and more specific code definitions. In the 2005 update the rules around how to deal with content that is difficult to code including unspecified, undefined, and global terms like quality-of-life were clarified. In 2019 there were additions to the rules to focus on the perspective taken (Appraisal, Needs, or dependency), which is an important aspect of a PROM since it focuses on the cognitive evaluation requested within an item. A substantial clarification in the 2019 update was how to deal with response options (coded as Intensity, Frequency, Duration, Confirmation or agreement, Qualitative attributes). This was an important addition since older ICF linking studies usually ignored response options. Response options are central to how patients are asked to calibrate their responses. Therefore, the 2019 linking rules have important additions that can provide more detailed description of PROM content validity.

The volume of ICF codes can be unwieldy, which may act as a barrier to usage in many applications of ICF. To address this barrier, ICF Core Sets have been developed through a rigourous process of international consensus informed by research evidence and patient/expert experiences and priorities (29, 30). The process by which the Core Sets were developed includes literature review, patient surveys and expert surveys, culminating in an international consensus conference that achieves agreement on the most salient content for health conditions based on the discussion and voting of a multidisciplinary international group who can envision many different applications and who represent many unique perspectives. Core sets have now been established for many conditions in 7 different domains covering different health conditions and contexts (https://www.icf-research-branch.org/icf-core-sets). Given that a comparison gold standard is elusive when evaluating PROMS, ICF Core Sets provide an important reference standard for the most salient content for PROM addressing functioning, disability, and health. ICF linking can be particularly useful for disease-specific PROM where there are relevant Core Sets since they act as an international reference standard for that health condition. Core sets and ICF linking are less suited for categorizing abstract concepts like emotions/attitudes, life experience, PROM that explore a single construct (e.g., pain or sleep) or concepts not covered by ICF.

A challenge that we experienced in interpreting ICF linking was how to summarize the large volume of information from our raw mapping code lists that often contain many items and codes. Therefore, we proposed simple summary statistics (Table 3) that can be used to augment other descriptive analyses such as mapping items to chapters, mapping codes to a theoretical framework, or mapping items to ICF conceptual domains. The defined set of indicators are a set of simple summary indicators that quantify the extent to which items can be coded to ICF, linked to the core sets, and represent the core sets. Recognizing that a common shared goal of ICF and some PROMs is to describe disability, a summary indicator that focused on disability content was also proposed (Table 3). We have used these indicators and found them to be helpful in describing or comparing PROM (31–33).


Table 3. ICF linkage summary indicators.
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COGNITIVE INTERVIEWING EXPLORES HOW RESPONDENTS INTERACT WITH CONTENT

Cognitive interviewing is a semi-structured interview process that explores how individuals understand, mentally process and respond to survey instructions, items and response options; and whether an individual perceives the items/measure as reflecting the intended construct or attribute being assessed (17, 34–36). Whereas, ICF linking is designed to describe and classify content, cognitive interviews are designed to explore how respondents interact with the content. Thus, they are complementary methods. Cognitive interviewing uses a semi-structured qualitative interview with think aloud and probing approaches to explore how potential respondents understand, calibrate, and respond to instructions and items on a PROM. More detailed description of these methods has been described in textbooks (17) and manuscripts (10, 17, 34, 35, 37–40).

Cognitive interviewing is ideally suited to PROM content validation since it explores the four cognitive actions involved in a response to PROM items: respondents must understand the meaning and intent of the question, they must be able to retrieve accurate information about a past or present status (rationale) or gauge their current feelings (emotional), make a judgment as to how their experience or feelings fit with the question posed, and choose an appropriate answer/response option that reflects their cognitive calibration process. Cognitive interviews also explore whether an individual perceives that the overall pool of items reflect the intended construct or attribute being assessed (15).

Cognitive interviews can generate a large amount of descriptive information that complements the large volume of information obtained from ICF linking. Therefore, we developed a guide and classification system for classifying potential sources of confusion or cognitive dissonance as respondents interpret and calibrate their response to items on a PROM. Qualitative think aloud and probing approaches are used to explore how potential respondents, content experts or measurement experts interpret the meaning of instructions, items, and responses options, and then how they calibrate their responses to items (16, 17). Sources of response error or cognitive dissonance are then classified as listed below [see web (41) or Appendix 1 for full details]. In brief, this method classifies findings from the qualitative interview into summary statistics that describe the extent to which the following issues were identified.


Clarity/Comprehension

Refers to when the terms/words used in an item or response are ambiguous or incorrectly interpreted by respondents.

Example: “downhearted and blue” is used for depressive symptoms but is easily misinterpreted.



Relevance

Refers to when an item is not relevant to respondents (e.g., task not possible or important in their circumstances).

Example: “Washing your hair” not relevant to bald men.



Inadequate Response Definition

Refers to when response options provided are: 1. not mutually exhaustive or have missing options, or 2. are not matched to the questions posed.

Example: Question asks how important something is, but the response options are about frequency.



Reference Point

Refers to when respondents have difficulty calibrating their responses to an item because their reference points have changed (e.g., response shift) or the item has unclear reference boundaries (e.g., time interval or context). Includes when respondents are unable to recall information needed to calibrate their response.

Example: “How much have you improved?”; respondents are unclear and may not recall prior health status (recall bias) … since when?



Perspective Modifiers

Perspective modification occurs when items are interpreted differently by respondents based on a personal factor, life experience or environmental factor.

Example: “Can you do your recreational activities?”- can be very different based on activities they do.



Calibration Across Items

Refers to when the response to one item is modified by the patient's response to a previous item.

Example: “What is your pain at its worst?” Respondents may score it based on what they scored for other items.




STRUCTURED REVIEW OF CURRENT APPLICATION OF ICF LINKING IN PROM CONTENT VALIDATION

In the authors experience, ICF linking is a valuable way to code and map PROM content, and ICF core sets are valuable reference standards for evaluating content validity. To understand how ICF linking methods have used recently, we used a structured review to identify papers where ICF linking was reported in content validation (using search terms for ICF linking and content validity). We searched using Google Scholar and PubMed starting in January 2016 and ending in August 2021. We chose this timeframe to coincide with the 2016 online publication of updated linking rules that became available in print in 2019. Our goal was to establish the most current content validity research practices not to provide a comprehensive review of all studies using ICF linking. Our inclusion criteria were peer-reviewed published studies that used ICF linking to develop or evaluate items from a PROM for the purpose of content validation. Exclusion criteria: studies that used ICF linking for other purposes other than examination of content validity of PROM item, 2. when ICF linking was used to code open ended responses from PROM, 3. papers that used ICF linking to validate Core Sets not outcome measures and 4. Theses, abstracts, conference presentations, or non-peer reviewed papers. From these papers we extracted information about whether the authors used ICF linking process to inform development of items for a new measure or validation of an existing measure, which version of linking rules were used, and how data were coded and summarized. We also extracted whether ICF linking was used alone, in combination with cognitive interviewing or in combination with other methods for assessing content validity.

The findings are summarized in Table 4. We found that ICF linking has been used in a wide variety of disciplines and health conditions to assist with the development of a new PROM or validate the content validity of an existing PROM. More frequently it has been used to assess the content validity of an existing PROM, that in creation of new PROMs. Most commonly multiple raters perform the linking procedures, and there was a mixture of 2005 and 2019 rules cited. In studied citing 2019 rules, many did not report all aspects of the 2019 linking rules as findings, particularly lacking were reports of perspective and response options. Most often the data was interpreted by focusing on how the codes fell into different conceptual domains (e.g., impairment, activity, participation concepts) or ICF chapters; and summarized in charts that organized the complete set of raw codes. Some authors did use the ICF core sets as reference standards typically stating what percentage of the items appeared on the core set. The complete set of indicators that we proposed which quantify how codes relate to ICF with specific definitions was used in 1 study by our group (33) and picked up by one other research group (61).


Table 4. Recent use of ICF linking in content validation.
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DISCUSSION

This integrated narrative review illustrated the complexity of content validity, provides an operational definition, illustrates how ICF linking has been used to support description/mapping, and how cognitive interviewing complements ICF-linking. This review indicated the need for more consistent use of recent ICF rules, clear definitions of cognitive interview findings and better summary statistics to characterize findings of content validation. We provided definitions/classification to summarize sources of cognitive dissonance/interpretation errors derived from cognitive interviewing and simple statistics to summarize the results of ICF-linking to improve the consistency and interpretability of these methods in future content validity studies.

Ideally, content validity is integrated throughout development of a PROM and capitalizes on the knowledge and life experience of potential respondents, clinicians, and measurement experts. All will provide useful insights into how items and the entire PROM can be improved. In the past there was an overreliance on clinician experts in the PROM development process. The importance and methods for patient engagement improved as clinimetric methods evolved. Usually, the instrument developer/team defines a core construct needed in a PROM, and through patient engagement determines the item pool that represents that core construct, which is refined iteratively. ICF linking and qualitative methods should be considered as essential when developing PROM that address functioning, disability, and health. Our scoping review indicates that in most cases ICF linking has been used to evaluate PROMS already in use. This likely reflects the developing standards in content validity methods which were enhanced after many PROMS were already developed. This explains the need for retrospective content validation. The challenge in retrospective content validation is that “the horse is out of the barn” and changing an existing PROM can result in improvements, but also has downsides from version confusion and compromised data comparability. Less often ICF linking has been used to develop the conceptual framework for a construct that will be measured in a new PROM. This is ideal since it builds a strong foundation for the PROM. The emerging use of ICF linking during development indicates progress in awareness and implementation of formal methods for conducting, and reporting, content validity during PROM development. In our experience not all journals are interested in publishing content validation work done prior to establishing the final version of a PROM since they see this as preliminary work. However, given the importance of content validity it is important that these processes be documented. Further content validation is substantial piece of research and deserves a fulsome peer review and scientific discourse before PROMs are finalized.

Based on this narrative review we defined content validity as “the extent to which a measure provides a comprehensive and true assessment of the key relevant elements of a specified construct or attribute across a defined range, clearly and equitably for a stated target audience and context.” The definition is intended to be both conceptual and operational. It contains elements that can be assessed by different methodologies, including ICF linking. Concept mapping (62), qualitative description (63–66), content validity indices (6, 10, 12, 13, 36, 67–70), relevance surveys, focus groups, expert panels as examples of methods that might be used as part of the content validation process. These methods were not explored in this paper. The array of methods that inform content validity indicate that full rigorous evaluation of content validity should be possible with existing methods.

Validity is focused on whether a measure provides a true score. Although there are different types of validity, in the case of content validity “true” means that the items reflect the construct or attribute being measured “Comprehensive, balanced” and “the key relevant elements of a specified construct or attribute” focus on whether items provide a balanced assessment of the most relevant, important, or salient aspects of the attribute/construct being measured. Balance also refers to the emphasis placed on different aspects of the phenomenon, since the weighting of items should be directly proportional to how much those components contribute to the target construct. This is reflected in how many items are allocated to specific aspect of the construct being measured, and how that is reflected in score. For example, different PROM assess upper pain and disability differently based on how they weight pain and function. The Patient-Rated Wrist Evaluation weights 5 pain items (ICF code b278014) and 10 disability items at 50% and attributes this weighting to consultations with experts and the defined construct of this PROM (71, 72). The subscales are considered separately as subscales to separate these constructs (although often combined in a total score). The Disability, Arm, Shoulder Hand (73) PROM has 2/30 questions relate to pain and 3/30 that relate to other symptoms; these are summed and all items weighted equally in the total score. In these 2 examples the importance placed on pain is different and during content validity it might be considered if this is proportional to how important pain is to potential respondents with upper extremity conditions. ICF linking can be used to describe content of items, but also to summarize how content is weighted by assessing how often a specific code appears in relation to the total number of items. These aspects of content validation will support future structural validity of the PROM. If a subdomain is important, it may require multiple items. For example, since pain is a primary reason for seeking healthcare, it is often important to explore different dimensions of pain (ICF code b2780). These nuances would require multiple items that address different contexts in the stem (e.g., pain while doing an activity), perspectives, or dimensions e.g., frequency vs. intensity. With the updated ICF linking rules some of these nuances could now be reflected as perspective or response differences. There is a tension in “right-sizing” PROM since being comprehensive and minimizing respondent burden are conflicting goals. ICF linking can be used to help identify areas of overlap in content where efficiencies might be achieved is item reduction is needed.

Validity is tool, context, purpose, and population specific. The extent to which PROM items measure “clearly and equitably for a stated target audience and context” emphasizes the importance of considering personal factors like literacy, culture, language, gender, and socioeconomics of potential respondents on any PROM when developing or evaluating items. These differences can be explored in a variety of ways. Since ICF is a universal language embedded within a social view of health and functioning, it can be used as a start point to consider how items that are evaluating functioning might differ across contexts. Once an item is linked, the next question can be–would this aspect of functioning be similar for different populations, genders, or age groups? For example, the item “driving a car” is an item on the commonly used Neck Disability Index, but is also commonly left missing (74). People who cannot afford a car, who lived in countries where women are not allowed to drive cars, or who had their driving license taken away due to medical or age-related issues cannot answer this question. The NDI like many PROM was developed in North America where driving a car might be frequently mentioned as a problem for patients with neck pain. If the developers and used ICF in their thinking and item development, they might have taken a broader view. In ICF, d475 Driving falls under mobility (Chapter d4), and is defined as “Being in control of and moving a vehicle or the animal that draws it, traveling under one's own direction or having at one's disposal any form of transportation appropriate for age, such as a car, bicycle, boat or animal powered vehicle.” An ICF lens would have considered driving is often accomplished other ways outside of North America, and that the need to be the driver to achieve mobility across distances is far less important in some societies. Therefore, the functional intent of this item and the aggravation to neck conditions might be fulfilled by e d470 Using transportation- “Using transportation to move around as a passenger, such as being driven in a car, bus, rickshaw, jitney, pram or stroller, wheelchair, animal-powered vehicle, private or public taxi, train, tram, subway, boat or aircraft and using humans for transportation.” This illustrates how an ICF lens and ICF linking can prevent content validity problems that manifest later as missing items or flaws that show up during cross-cultural validation or psychometric studies. In our example, failure to take a broader functional view made the wording of an item on “driving” unnecessarily discriminatory.

An important addition to the 2019 linking rules that enhances the description of PROM focuses on item perspective and the response options. The added clarifications about how to link the perspective (appraisal, needs, or dependency) and response options (intensity, frequency, duration, confirmation or agreement, qualitative attributes) provides much better description of the nature and range of the assessments achieved by the items on a PROM. This aligns with the aspect of the content validity addressed in the definition by “across a defined range.” Clarity on the range where measures are accurate, whether it is a PROM or a biophysical tool, is important to avoid floor or ceiling effects. Floor/ceiling effects, interval level scaling (Rasch analysis) and factor analyses which might fall under structural validity provide more detailed assessment of the range and scoring metrics of a PROM. However, these assessments typically take place after PROMs are developed so it is important that content validity be thoughtfully designed and evaluated to support structural validity. The consequences of inadequate attention to content validity during development of a PROM is non-response, poor performance of the item in structural validation (factor analysis, Rasch) or other psychometric analyses.

Prior to the recent update which described how to assess perspective as part of ICF linking we had developed another process for describing perspective. We started by deciding whether items required rationale decisions e.g., how often do you do something, are you capable of performing, what is your pain intensity; or an emotional response e.g., satisfied with ability, fear of an event or outcome. Rationale decisions depend on calibrating past experiences, whereas emotive decisions reflect a current feeling that occurs in the moment of calibration. The perspectives identified in the refined ICF Linking Rules are the descriptive perspective (e.g., refers to the ability or the extent of a problem or difficulty a person experiences in performing a certain activity or task), appraisal (e.g., refers to the extent to which personal expectations and hopes have been achieved), and the perspective of needs or dependency (e.g., refers to how much assistive devices are needed to perform certain activities or tasks). Descriptive and appraisal definitions have overlap with the rationale and emotional definitions we used with ICF linking to describe health outcomes (75) and reflect some shared thinking about how to describe perspective in these independently developed perspective classifications. ICF linking of perspective is important since this can have a large impact on what construct is being measured. People with the same level of ability can have very different levels of satisfaction with their ability, and people with different levels of ability can achieve the same level of functioning using assistive devices. Understanding these nuances is important in understanding health outcomes, and particularly important in rehabilitation where both remediation and adaptation are important parts of the treatment process. In this study our scoping review confirmed that few authors have considered perspective as an important issue in item validation. The recent updates to the linking rules are important improvements that may facilitate greater attention to perspective and response options in future research.

The development of core sets has been invaluable for content validation and our review of methods in published studies indicated that use of the core sets as reference standards is emerging. The process of achieving international consensus on Core Sets makes them ideal reference standards. We found that authors using ICF-linking in content validation often created maps comparing the items on a PROM to the core set, in a large table. This is an important 1st step for looking at the congruence between items and the core set. Some use percentages to reflect this congruence. However, the ways these percentages were calculated was not consistent, which limits comparability across studies. The summary indicators we proposed which describe how to calculate indices of the linkage between PROM items and Core Sets provide consistent indicators that could be compared across studies or used to compare instruments within a study. For example, when we compared 2 similar elbow pain and disability PROM the summary indicators illustrated the high level of concordance in content between the two PROM (31). Conversely, when we used the indicators to compare different PROM used in total shoulder arthroplasty we found the summary indicators reflected very different profiles across PROM (33). We found that combining different approaches enhances the value of ICF-linking. For example in our shoulder arthroplasty outcomes study we explored how authors conceptualized measures as function or quality of life, which revealed a lack of clarity in conceptual frameworks and definitions (33). Our review of methods used by others indicated that it is common to augment ICF linking with other methods of content description such as conceptual definitions or codes for personal experience factors.

The strengths of ICF linking are the consistency and benefit of using a common language which provides a system to move from items to content codes. ICF linking provides detailed coding for content description. However, there are also gaps in what ICF linking provides in terms of content description, especially since not all PROM focus only on what ICF was designed to cover with respect to functioning, disability, and health. Some concepts are not definable by ICF (personal factors, emotions, abstract constructs, life experiences). For example, concepts like safety, fear of movement, happiness, optimism, negative thinking, prior life trauma and other constructs may not be ideally suited to ICF linking if they are not easily framed as an aspect of functioning. The most recent linking rule update provided clarity on how to code some non-specific or not definable item content assigning health in general, physical health or mental (emotional) health as not definable-general health, not definable-physical health, not definable-mental health (nd-gh, nd-ph, or nd-mh), respectively. Global content on disability in general (nd-dis), functioning (nd-func), or a child's development (nd-devdo) can be coded in a general sense as falling in these domains, even though not specifically definable (coded). While this allows for a code to be assigned, generic codes are not very helpful in content validation, especially when comparing different PROMs since the detail of the construct is lost. However, ICF does provide wide coverage of content and no single classification system could be expected to cover every potential thing that humans would want to measure in health research. The most recent linking rule update enhanced how ICF linking characterizes PROMs while maintaining the structural integrity and focus of the classification system. Although ICF recognizes that personal factors are important, these are not coded/classified. Others have add classification frameworks to address life experience (76) within PROM validation. However, no agreed upon classification for personal factors exists for content validation.

We propose that cognitive interviewing is the ideal complement to ICF linking in terms of providing a more comprehensive assessment of content validity. That is because whereas ICF linking focuses on content, cognitive interviewing focuses on how patients interpret and calibrate responses to that content. Together they provide a powerful assessment of what is being assessed by an outcome measure. Cognitive interviews were usually performed in person prior to the pandemic since it is useful to observe how the participants behave as they complete PROM items or as they “talk aloud” through their thinking. Since the pandemic many adaptations to research have been necessary, and video/web technologies can be used for cognitive interviews or other qualitative methods. As in other qualitative methods, probing in ways that encourage people to reveal their cognitive processes is a skill that is essential to optimize the quality of the information acquired. The processes involved in cognitive interviewing can produce a large volume of information and communicating the detail while also summarizing it to reveal key themes can be challenging. For this reason, we developed the Sources of Cognitive Dissonance Classification System comprised of definitions and a classification framework that were shared in this paper. Although ideally ICF linking and cognitive interviewing are used together, we did not find many papers where this occurred. This may be because researchers are not using both techniques together, and because they are reporting these findings separately in different manuscripts. We specifically focused on ICF linking in our search strategy and may have missed isolated cognitive interview studies. Since cognitive interviews and ICF linking are substantive pieces of work they may be published separately by some authors to ensure adequate attention to the rich information acquired. However, the integration of the findings across these two methods may be lost in separate publications. In such cases, authors need to ensure that the integration of these different studies into decisions about the final construction of a PROM or decisions about content validity of existing PROM is documented in manuals or other subsequent publications.

Content validation like many other aspects of instrument validation, often requires that multiple methods and studies be interpreted together when making decisions about PROM development or improvement. For example, we combined perspective classification portrayed in radar plots, ICF-linking table of raw codes, ICF concept description in a radar plot and ICF linkage indicators and their concordance with presenteeism core sets (32) to investigate the content of presenteeism (work disability) PROM. We found that most items mapped to a few ICF related work codes since work disability/presenteeism PROM focus on one specific type of participation. However, we were able to distinguish differences in PROMs by examining their perspectives, structures, and response options. Although this work was a preliminary step, gaps remain in our understanding of the content validity of presenteeism scales since conceptual frameworks that clarify the scope and components of the construct, content validity indices and qualitative studies are still lacking. This emphasizes that content validation is a process, not an event.

Overall, no single method or study is likely to give a full assessment of content validity. ICF linking is an important method in content validation which has many strengths, especially for health conditions where core sets have been developed and the focus of the PROM is on symptoms and functioning. It provides a rich content description language which can be used to describe item content and map PROMs to core sets and conceptual frameworks; and allows comparisons to be quantified within or across PROMs/studies. The major gap which remains after linking is how do patients engage with that content? That is best addressed though qualitative methods, preferably cognitive interviews, which are designed to explore how PROM items are understood and calibrated. While content validity has been under addressed in the literature, a common theme across existing studies is that humans, their contexts, and experiences are highly variable, and this is important to consider when designing or improving existing PROM. Methods for summarizing content validity findings in ICF linking and cognitive interviewing, as proposed in this paper, are helpful for analysis and scientific discourse about PROM content validity.

Although this paper provides insights into current content validation methods it is not a comprehensive of all methods that can be used. For example, quantitative methods like content validity indices (6, 10, 68, 70, 77, 78) (a survey method), concept/content mapping (62), mapping to consensus core sets (79), theoretical models other than ICF, clarification of conceptual models/construct definitions (80), or qualitative methods other than cognitive interviewing (69) were not explored in this paper. Given the array of appropriate methods that could be used in content validation, a prescriptive approach to content validation might lead to narrow thinking. Rather, a thoughtful and rigorous analysis of content validity using multiple methods is needed. Since our focus was ICF linking for content validation, we did not explore the many other uses of ICF linking including other types of work that have secondary impacts on what health constructs should be measured. Some of these related types of research include studies include studies that: code the disability experience (76), describe how the literature addresses disability (81), describe symptoms experienced by people living with different health conditions (63), or report the PROM used in clinical research within an ICF framework (33). Although we reviewed recent content validity papers to assess what methods are being currently used, we did not capture older papers, some of which were landmark papers that led thinking in this field. That is because wanted a snapshot of current content validation methods. We may have missed papers since some authors may have used terms that were not included in our search terms. Despite these limitations, our conclusion based on the retrieved sample of 24 recent studies is clear–there is wide variation in how ICF linking is used and the full spectrum of ICF linking rules and summary indicators are rarely reported by authors. While progress has been achieved on content validity methods, there is a need for full use of the updated linking, rules, better use of summary measures of content validation finings (as proposed in this paper), clear integration of qualitative and quantitative findings and more extensive reporting and public discourse on content validity during development of new PROM or modification of existing PROM.
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Osborne et al. (43)

Schiarit et al. (53)

Burgess et al. (54)

Hammond et al.

(65)

Janssen et al. (56)

Alam et al. (57)

Fresk et al. (58)

Nund et al. (59)

Lassfolk et al. (50)

Papelard et al. (60)

Wong et al. (61)

Tool/construct

35 PROM identified by SR for total
shoulder arthroplasty

13 candidate PROMS for a shoulder
core domain set

Behavioral Assessment Screening
Tool (BAST), a measure of behavioral
disruptions after traumatic brain injury

Abilitator: work ability PROM

Bimanual Fine Motor Function (BFMF)
hand function

Leeds Foot Impact Scale in people
with psoriatic arthritis

41 participation measures that
addressed at least three disability
chapters of the ICF

The Brachial Assessment Tool (BrAT)
and the Impact of Brachial Plexus
Injury Questionnaire (IBPIQ)

14 hearing loss PROMS

Personal Care Participation
Assessment and Resource Tool
(PC-PART) and FIM (functional
independence measure)

Spinal Function Sort and Functional
Capacity Evaluation

PROM and clinician-based outcome
measures for spinal trauma

Miitary Concussion Readiness
Inventory for Dizziness and Balance
Pediatric Evaluation of Disability
Inventory-Computer Adaptive Test
(PEDI-CAT

42 PROM aligning with the ICF Core
Sets for children and youth with
cerebral palsy

8 upper limb activity measures for 5-
to 18-year-old children with bilateral
cerebral palsy

Britsh English DASH

32 PROMS for gout

Development of a PROM for
abdominal surgery

Test Instrument for Profile of Physical
Abilty

27 Swallowing Outcome Measures
for Head and Neck Cancer

26 migraine, tension-type headache,
and cluster headache

Activities and participation in patients
with systemic sclerosis

The quality of ffe in neurological
disorders (Neuro-QoL)

Stage

EMCE

EMCE

IDIR

IDIR

EMCE

EMCE

EMCE

EMCE

EMCE

EMCE

EMCE

EMCE

IDIR

EMCE

EMCE

EMCE

EMCE

EMCE

IDIR

EMCE

EMCE

EMCE

IDIR

EMCE

Linking

1+LC
2005
2+0M

2+ LG, LRR
2019
2+0M
2+LC

LRR

2016

10M

2+LC
2016
10M

2+LC
2005
20M

2+LC,LRR
20xx

10M

+LC
2019,2 +
OMm, 88
2+LC,LRR
2016

2+ 0M,Ss
2+LC,LRR
2005, LM
2+ OM, 8S8
2+LC
2005
2+O0M

2+1C,LRR
2016
2+0M
2+1C
2005

2.4 OM, S8
2410
10M

2+LC,LRR
2014, LM
10M

2005
2+0M, 88

1LC, 2016
2+ 0M,ss

Unclear
linking
process
2410
2016242+
oM, §$

2+LC
2005
10M

2+LC
2016

10M
2+LC,LRR
2005
2+0M,Sss
7 raters
2+ 0OM,Sss
1Lc

10M

10M
2+MC
LRR
2002/2005

Synthesis/
analysis

RCM, CD, PL+,
DsI

RCM, RCC, PL

RCM, CD, RCC,
L

RCD, RCS, PL

CD, RCC

CD, PLQ

CD, RCC, RO

RCM, RCC, CD

RCM, PLC, PL

CD, RCM, RCC

CD, RCC, RCS,
PL

RCM

CD, RCM

CD, RCC

RCM, RCS

CD, RCC

RCS

RCM, CD, RCC in
‘appended files)

RCM

CD, RCM, RCS,
RO

RCM, CD, RCC

CD, RCM, RCC,
PL

CD, RCM, RCC

CD, RCC, DsI

Stage: IDIR, Instrument Development Item Refinement; EMCE, Established Measure Content Evaluation.
Linking Process: Single linking coder, 1LC; 1 primary linking coder with calibration or checking process, 1 + LC; 2 or more linking coders, 2 + MC; Linking reliability reported, LRR; Year
cited for linking rules, 1 PROM assessed, 10M; 2 + PROM compared, 2 + OM; SS, systematic search used to identify measures.

Analysis: ICF linking Raw Code Mep/Table, RCM; Concepts distribution (impairment, activity, participation, personal, and environmental factors), CD; ICF-linking Raw code comparison
to Chapters, RCC; ICF-linking Raw code comparison to Core Set, RCS; Percentage of items linked to ICF/Core Set, PL; Defined Summary Indictors of inkage (MacDermid system), DS.
Other: Cl, Cognitive interviewing; CAT, computer adaptive test.

Other methods/notes

Definition of constructs e.g., Qol/health status

Used perspective and response option rules

Use of conceptual model of construct

7 stage mixed methods with iterative development
and consultations described

Qualifiers capacity and performance were
considered in the content

Listed concepts not linkable in ICF

Reported perspective

Did not report perspective and response options

Personal factors coded with a different system; not
codable reported

Godes to 2nd level, ICF; FIM codes were extracted
from published linking results; narrative comparative
synthesis, informed by scenarios and discussion

PROM compared to performance tests

Measures included if cited in at least 5 articles

Used formal consensus and other processes to
inform development

Reported not linkable constructs; focused on links
to chapters

4 stage process to go from 80 + measures to 25

Where publishing linking was found it was used;
where no published data done by team, COSMIN
used is synthesis; analysis of not codable items

Cross-cultural validation, Rasch

did not link health concepts to the “other spedified”
or “unspecified” ICF categories; high content valicity
was assigned when >75% of the health concepts of
the PROM were included on the ICF core set; used
COSMIN criteria for content validity; did review of
psychometric properties

Conceptual framework then Qualitative interview
content linked to create outcome measure
framework for item bank for AT and standard
PROM

Coded to 2 level not the most specific

Core set developed then questionnaires items
created

Used the ICF linking indicators developed by
MacDermid; attributed development to student
author who used
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2002 linking rules (23)

1. Before one links health-status measures to the ICF categories, one should have acquired good knowledge of the conceptual and taxonomical fundament s of the
ICF, as well as of the chapters, domains, and categories of the detailed classification, including definitions

2. Each item of a health-status measure should be linked to the most precise ICF category

3. If a single item encompasses different constructs, the information in each construct should be linked

4. All constructs of the item to be linked have to be highlighted (e.g., bold)

5. The response options of an item are linked if they refer to additional constructs

6. If the content of an item is not explicitly named in the corresponding ICF category, then the “other specified” option at the third and fourth coding level of the ICF
classification is linked. The additional information not covered by the ICF classification is documented. Two special cases are to be distinguished within this rule:

) When the ‘other specified option in the two-level classification is not available, then the ‘other specified and unspecifiedt option is linked. The aditionalinformation
not covered by the ICF will be documented
b) When the content of an item is not explicitly named in the corresponding ICF category, but at the same time is included in the ICF-category, then the item is.
linked to this ICF category, and the additional information not explicitly named by the ICF is documented

7. If the content of an item is more general than the corresponding ICF category, then the code of the higher level is linked

8. Ifthe content of an item is more general than any ICF category but otherwise the item specifies by examples partial aspects of the concept contained in one or more.
ICF categories, then the “unspecified” option of the ICF classification is linked (Code 99 for the second coding level, Code 9 for third and fourth coding levels). As
statement or part of an item will be considered an example when it is introduced with “e..,” appears between parenthesizes, is introduced with “for example,” or
with “such as”

9. If the information provided by the item is not sufficient for making a decision about which ICF category the item should be linked to, this item is assigned nd (not
definable)

10. If an item is not contained in the ICF classification, then this item is assigned nc (not covered by ICF)

Linking rules updated in 2005 (21)

1. Before one links meaningful concepts to the ICF categories, one should have acquired good knowledge of the conceptual and taxonomical fundaments of the ICF,
as well as of the chapters, domains, and categories of the detailed classification, including definitions:

2. Each meaningful concept is linked to the most precise ICF category

3. Do not use the so-called “other specified” ICF categories, which are uniquely identified by the final code 8. If the content of a meaningful concept is not explicitly

named in the corresponding ICF category, the additional information not explicitly named in the ICF is documented

Do not use the so-called “unspecified” ICF categories, which are uniquely identified by the final code 9 but the lower-level category

5. Ifthe information provided by the meaningful concept is not sufficient for making a decision about the most precise ICF category it should be linked to, the meaningful
concept is assigned nd (not definable)

Special cases of this rule:

a. Meaningful concepts referring to health, physical health or mental (emotional) heaith in general, are assigned nd-gh, nd-ph, or nd-mh (not definable-general health, not
definable-physical health, not definable-mental health), respectively. Meaningful concepts referring to quality o lfe in general are assigned nd-qol (not definable-quality
oflfe)

6. I the meaningful concept is not contained in the ICF, but it is clearly a personal factor as defined in the ICF, the meaningful concept will be assigned pf (personal

factor). Personal factors are defined in the ICF as follows: “The particular background of an individual's life and living and comprise features of the individual that

are not part of a health condition or health states. These factors may include gender, race, age, other health conditions, fitness, lifestyle, habits, upbringing, coping
styles, social background, education, profession, past and current experience (past lfe events and on current events), overall behavior pattern and character style,
individual psychological assets and other characteristics, all or any of which may play a role in disabiity at any level”

If the meaningful concept is not contained in the IGF and it is clearly not a personal factor, this meaningful concept is assigned nc (not covered by IGF)

8. I the meaningful concept refers to a diagnosis or a health condition, the meaningful concept wil be assigned h (health condition)

Note some specific rules for health status instrument clarified rules on linking of response items and examples within items were included in this paper in a
separate lst.

2019 linking rules published online in and in print (22)

1. Acquire good knowledge of the conceptual and taxonormical fundamentals of the ICF, as well as of the chapters, domains, and categories of the detailed classification,
including definitions before starting to link meaningful concepts to the ICF categories

2. Identify the purpose of the information to be linked by answering the question What is this piece of information about? or What s this item about? The answer to

these questions will help to identify the main concept(s) most relevant to be linked to the ICF

Identify any additional concepts contained in the piece of information in addition to the main concept(s) already identified in the previous step

Identify and document the perspective taken on within a certain piece of information when inking it o the ICF (Appraisal, Needs, or dependency)

5. Identify and document the categorization of the response options. Take into consideration the most frequently used approaches as listed in Table 3 (intensity,
Frequency, Duration, Confirmation or agreement, Qualitative attributes). Note: this rule applies only to instruments, questionnaires, assessments, or tests that contain
response options

6. Link all meaningful concepts, the most relevant and additional ones, to the most precise ICF category

7. Use “other specified” or “unspecified” ICF categories as appropriate
At the end of the chapter, and at the end of each embedded set of third- or fourth level ICF categories, there are categories with the final code number 8
for “other specified” and 9 for “unspecified™8" is to be used when the concept is not contained within any of the other specific categories at the respective level of a
chapter. The additional information is documented after the ICF code *0" is used when the concept to be linked fits within a given chapter but there is not sufficient
information at hand to assign it to a specific ICF category

8. If the information provided by the meaningful concept is not sufficient for making a decision about the most precise ICF category, assign the concept to nd
(not definable)

Concepts referring to health in general, physical health or mental (emotional) health in general, are assigned nd-gh, nd-ph or nd-mh (not definable-general heaith,
not definable-physical health, not definable-mental health), respectively, as well as to disabilty in general (nd-dis), functioning (nd-func), or a chids development
(nd-dlev)

9. If the meaningful concept is not contained in the ICF but is clearly a personal factor as defined in the ICF, assign the meaningful concept to pf (personal factors)

10. If the meaningful concept is not contained in the ICF, assign this meaningful concept to nc (not covered)

Further specifications: Meaningful concepts referring to a diagnosis or health condition are assigned to nc-he (not covered-health condition). Meaningful concepts
referting to quality of e or ite in general are assigned nc-qol (not covered-quality of ife)

o

o

a5
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ICF linkage summary indicators

Raters can describe the content of an outcome measure using the instructions/training and established linking rules (21-23) and any further updates established by
the ICF branch to select the ICF codes that best represent the content of items/measures. This content coding can then be summarized by the following indicators
that compare the item/test codes to the ICF o its relevant subset Core Sets

These indicators summarize codable content. Only codes are counted; “not codable” codes are reported as defined by IGF linking rules but are not included in the
summary indicators below. It is useful to describe the number of codes and the distribution, e.g., by chapters or domains (structure, function, activity, participation,
personal factors, environmental factors, health conditions) in adcition to the summary terms below. These are intended to be descriptive summary that can be used to
compare items/measures and their relationship to IGF overall to core sets but should be used in combination with other descriptive strategies to fully describe or
compare measures in terms of content valicity v

Measure to ICF linkage: This s the percentage of items from a measure that can be linked to ICF codes. This represents the extent to which content of a measure
can be expressed in ICF codes

The rumber of fems Inked lo sl least 1 1CE code 100
Total number of ffems on the measure’ x 100%

Measure to (brief or comprehensive) core set absolute linkage: This is the percentage of tems from a measure that could be linked to ICF codes that appear on
arelevant Brief or Comprehensive Core Set

m tr o ot 1 ot .00 ot 100

Measure to (brief or comprehensive) core set unique linkage: This is the percentage of items from a measure that could be linked to unique ICF codes and
represents the extent to which the items of a measure represent different content from the core set. Once an item is coded to a core set item, additional items that
code to that same code are not counted again

. Number of item that are Inked to Urique codes in Core Set ., 100)
= ot rubar of flems on the Scalo

Core set representation: This is the percentage of core set codes that are covered when the measure’s items are linked to ICF codes. This represents the extent to
which the entire scope of content defined by the core set is represented on the measure

Number of uniave IOF codes from the measure that appear in the CorsSet . 1005
= Total” number of codes n the (Bief or Comprehensive] CoreSet o

Core set unique disability representation: This is the percentage of unique core set disabilty codes that are covered when the measure’s items are finked to ICF
codes. For Patient-Reported Outcome (PROs) Measures that were designed to measure disabilty, it can be important to determine the extent to which they measure
this aspect of content. This represents the extent to which the disabilty codes defined by the core set are represented on the measure. Once an item is coded to a
core set disability code, additional items that code to that same code are not counted again

—_ Numoar of rique (doodss from the messure that appoar in the Coro Set , 100,
= "ol number of dsabity codes in Tho (Bl or Comprahensve) GoreSot 4
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The definition of content validity “the extent to which a measure provides a
comprehensive and true assessment of the key relevant elements of a
specified construct or attribute across a defined range, clearly and equitably
for a stated target audience and context”
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