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Abstract: While several standards for metadata describing clinical studies exist, 

comprehensive metadata to support traceability of data from clinical studies has not 

been articulated. We examine uses of metadata in clinical studies. We examine and 

enumerate seven sources of data value-level metadata in clinical studies inclusive of 

research designs across the spectrum of the National Institutes of Health definition 

of clinical research. The sources of metadata inform categorization in terms of 

metadata describing the origin of a data value, the definition of a data value, and 

operations to which the data value was subjected. The latter is further categorized 

into information about changes to a data value, movement of a data value, retrieval 

of a data value, and data quality checks, constraints or assessments to which the data 

value was subjected. The implications of tracking and managing data value-level 

metadata are explored. 
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1. Introduction 

In research, when a replication or reproduction fails questions arise about how data were 

collected and managed. While the Food and Drug Administration (FDA) regulated 

therapeutic development industry is supported in this regard by regulation and guidance 

[1-7], in primarily academically oriented studies outside the therapeutic development 

industry, discussions are just starting about reasonable expectations for such 

documentation. Further, across all clinical studies, the number and variety of data sources 

have seen a ten-fold increase in the last decade [8]. These new data sources, many of 

which involve direct electronic measurement and capture, coupled with the rapid rise in 

secondary use of data for research push the boundaries on existing regulation and 

guidance.  

We surmise that many have shied away from such dissuasion for academically 

oriented studies because of perceived burden of additional documentation. With rising 

expectations for research replication and reproducibility and static resources, avoidance 

is understandable. However, we offer another perspective, that when such documentation 

is created and maintained in a computable format, it can be leveraged to advantage by 

researchers and research institutions. 
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2. Background 

The International Standards Organization (ISO) in the Metadata Registries standard 

(ISO/IEC 11179) defines metadata as data that defines and describes other data [9]. 

However, the standard primarily describes methods for lifecycle management of 

metadata that defines data elements, -- lifecycle management of data element definition 

rather than lifecycle events of actual data values.  Other treatments of metadata, for 

example, metadata in library science has historically been focused at the resource level - 

on bibliographic information for acquisition, storage, discovery, searching, access, 

viewing and downloading information resources managed by libraries [10]. Metadata for 

public records has a similar resource level focus. Similarly, disciplines such as business, 

environmental science, social media and information technology have discipline-specific 

definitions and categorizations of metadata reflective of the needs of the discipline and 

the functions that the metadata support [10]. In clinical research, the ClinicalTrials.gov 

registry contains metadata about clinical studies that supports discovery of ongoing 

studies by patients, results reporting and information retrieval. Others including the 

Clinical Data Interchange Standards Consortium (CDISC), the Biomedical Research 

Integrated Domain Group (BRIDG), the Ontology of Clinical Research (OCRe), and the 

Human Studies Database Project (HSDB) have also addressed study level metadata and 

there has been significant collaboration among the groups such that the resulting study 

level metadata is well harmonized. There is, however, no comprehensive description of 

or agreed upon metadata for the data upon which the clinical study conclusions are based. 

Here, we are concerned with this data value-level metadata and the ways in which it may 

support use and reuse of data from clinical studies. 

3. Metadata in Clinical Studies 

3.1. Uses of Metadata in Clinical Studies  

As demands for interoperability and automation in clinical studies increase so does the 

need for good metadata. Metadata has been used to automate screen generation, for 

example, configuring data entry screens for web-based Electronic Data Capture (EDC) 

systems from a spreadsheet of descriptive metadata about data elements such as the 

prompt, data collection format and choice options for discrete data elements [11]. Similar 

descriptive metadata has also been used to automate exchange of data as in the case of 

Health Level Seven (HL7) messages [12]. Metadata detailing changes to data values has 

been used to support viewing the history of data values [13]. Metadata containing 

information about data discrepancies has been used to facilitate status reporting [14] and 

data quality assessment [15]. Others have used metadata to automate comparison of data 

files [16]. Additionally, algorithms for operations performed on data have provided 

traceability, and metadata about data transfer has been used to automate receipt and 

integration of incoming data files [17]. Further, these metadata can all be used to support 

automated data visualization of the source or origin of data, the provenance or path that 

data traverse from their origin to some specified state, the status of data processing, and 

data quality information.  

 

While all of these represent advances in automation of information provision in the 

context of clinical studies, we emphasize that reaping benefit in terms of increased 
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quality or time saved at scale requires software that leverages standards and standard 

metadata. Further, most metadata elements do not include descriptions of why data 

elements were generated, who or what made the observation that became a datum, how 

a dataset was assembled or retrieved, and who might have changed an element since its 

initial capture.  Lacking metadata limits the type and extent of automation possible. 

Alternatively, full understanding ad associating the type and extent of automation 

possible with the necessary metadata enables direct assessment and balancing of the cost 

of additional metadata acquisition and management versus the benefit gained. 

3.2. Sources of Metadata in Clinical Studies 

Each of the aforementioned metadata uses reveals sources of metadata. Zozus et al 

suggested types of metadata required to support traceability in longitudinal studies based 

on Electronic Health Record (EHR) data [17]. We expand this list to cover a broader set 

of clinical studies such as retrospective studies based on electronic or manually 

abstracted data, prospective clinical trials, observational studies, and institutional data 

stores supporting such research (Table 1). 

 

Table 1. Sources of Data Value-level Metadata 

Audit trail Date, time, and attribution of entries and changes as well as record of data 

values prior to changes. 

Data element definition Metadata registry managing the lifecycle of data element definition. The 

ISO/IEC 11179 standard is a good example of data element definition. Such 

definition is often extended through association with controlled terminology 

standards as well as ontologies containing formal logic-based semantics. 

Data origin Statement of the source of the data. The source is the occurrence of the 

phenomena which was observed, questioned or measured resulting in the data 

value. Contextual information such as location, date and time, observation 

method, and environmental conditions may also be important. 

Data transfer* Specifications for data received from or sent to an external system or 

organization as well as import and export logs.  

Data transformation Specifications for and logs of computer programs performing operations on 

data. It is assumed that changes to data based on these programs are captured 

in the audit trail. 

Data quality assessment Specifications for all rules or other logic to which data values were subject in 

attempts to identify data discrepancies as well as results of execution of the data 

quality assessment approach. It is assumed that changes to data based on these 

programs are captured in the audit trail. 

Information retrieval Specifications or source code for queries run to extract data and other 

information sufficient to recreate the extraction. 

* Data origin and data transfer together are meant to cover the chain of custody through which the data 

value traveled from origin to the current system. 

 

The sources listed in Table 1 comprehensively track the history of a data value and 

all operations performed on a data value. The intent is to capture typical transformations 

necessary and sufficient to recreate analysis data from raw data or vice versa, i.e., 

sufficient to support full traceability.  An implication of traceability is that such metadata 

might be expected to be received with data. A second implication is that this metadata 

may be used to computationally compare data from two sources and facilitate 

understanding of why the data values may differ and at what point such divergence 

occurred. 
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3.3. Classification of Metadata for Clinical Studies 

Uses and sources of metadata inform categorization of data value-level metadata for 

clinical studies. From Table 1 above, we might say that every data value has one and 

only one origin. Further, several categories from Table 1 describe operations performed 

on data values (changes/transformations, assessments, movement, and retrieval). As a 

result of these operations every data value has a history that delineates all past values and 

operations performed on the data value from its origin to its current state. Finally, every 

data value has a definition that unambiguously conveys its meaning.  

 
 

 

 

Figure 1. Categories of Data Value-level Metadata 

 

These primitives of data value-level metadata support calculation of other second-

generation data value-level metadata such as data value age, extent of changes to the data 

value, and the path through which the data have traveled. These second-generation 

metadata support new uses of metadata, for example viewing values in a health record 

that originated from the institution versus all data including values received from other 

institutions, or visually marking older or implausible data values.  

4. Implications for Standard Data Value-level Metadata for Clinical Studies 

Definition and categorization of data value-level metadata supports the metadata uses 

described above as well as those that are inevitable as the volume of data collected for 

biomedical research increases. Data value-level metadata is information is intrinsic to a 

data value, i.e., independent on any specific use to which the data value might be 

subjected, and remains inextricably linked to the data value. The existence of data value-

level metadata necessarily means that data volume and storage requirements at least 

double – the minimal case being one piece of data value-level metadata per data value. 

Beyond structures for audit trails, management methods and storage approaches for data 

value-level metadata have yet to be articulated.  Although the above is a starting point 

for discussion of classification and definition of data value-level metadata, it is far from 

a standard that can be leveraged in software used in biomedical research. Additionally, 

much of the data value-level metadata will be system generated. This will require new 
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software functionality that beyond audit trail functionality does not exist today. Finally, 

data element level metadata requires human curation and so far in biomedical research 

with a few notable exceptions, we have not excelled in this area.  

There are, however, considerable upsides. The first is that metadata curated at the 

data element level is reusable and applies to multiple data values for that data element. 

With additional software functionality, most data value-level metadata will be system 

generated. Once standardized software can leverage the metadata to provide significant 

value through signal detection and visualization, for example displaying heat maps 

showing data with a high frequency of changes, older data, or data with a high percentage 

of discrepancies. Other uses might include documentation of data use, recreation of 

information retrieval after the underlying data source changes, data transfer-to-data 

transfer comparison, and automated comparison of incoming data to specifications. 

While many of these have been demonstrated and shown to be of value, because we lack 

standard data value-level metadata, this level of automation is not widely expected or 

available today. 

5. Discussion and Conclusion 

Metadata stems from the Greek prefix “meta-“, denoting “about” or data that defines 

other data.  The Greek prefix “para-“ denotes alterations or modifications. In survey 

research methodology word paradata defines data elements describing, for example, 

how long a particular survey lasted, the time of day the survey was delivered and degree 

of reluctance of an interviewee.  In survey science disciplines paradata about a survey is 

considered a class of metadata [18-20]. We propose adding paradata to the biomedical 

research lexicon to refer to data about how a data-value was created, altered, or otherwise 

operated on.  The Greek prefix “ortho-“ denotes something that is straight or upright. In 

general, data quality constraints and assessment refer to testing whether data values are 

in-line with expectations.  We further propose the term orthodata referring to data quality 

constraints and assessment logic.  Both paradata and orthodata should be considered as 

special classes of metadata. As the costs for discovering and developing new medical 

therapies rise, so rise the need for secondary use of electronic health data. Comprehensive 

metadata helps us choose and use electronic more confidently for research. 

The amount of data that we collect and process for research is not decreasing. In 

fact, many consider the increasing volume, velocity, and variety, of data and data sources 

to be a major challenge facing biomedical research today. Once simple operations such 

as data checking, integration and cleaning that could be performed by humans and with 

minimal automation, require automation today. Automating operations on data requires 

metadata. Automating operations on data in a scalable manner requires standardized 

metadata as well as software that leverages the metadata.  Thus, coming to a complete, 

correct, unambiguous and standardized categorization of data value-level metadata is a 

clear and present need.  
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