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Abstract Background The lack of machine-interpretable representations of consent permis-
sions precludes development of tools that act upon permissions across information
ecosystems, at scale.
Objectives To report the process, results, and lessons learned while annotating
permissions in clinical consent forms.
Methods We conducted a retrospective analysis of clinical consent forms. We
developed an annotation scheme following the MAMA (Model-Annotate-Model-Anno-
tate) cycle and evaluated interannotator agreement (IAA) using observed agreement
(Ao), weighted kappa (κw), and Krippendorff’s α.
Results The final dataset included 6,399 sentences from 134 clinical consent forms.
Complete agreement was achieved for 5,871 sentences, including 211 positively
identified and 5,660 negatively identified as permission-sentences across all three
annotators (Ao¼0.944, Krippendorff’s α¼ 0.599). These values reflect moderate to
substantial IAA. Although permission-sentences contain a set of common words and
structure, disagreements between annotators are largely explained by lexical variabili-
ty and ambiguity in sentence meaning.
Conclusion Our findingspoint to thecomplexityof identifyingpermission-sentenceswithin
the clinical consent forms.Wepresent our results in light of lessons learned,whichmay serve
as a launching point for developing tools for automated permission extraction.
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Background and Significance

The informed consent process is woven into the fabric of
health care ethics, and documentation of informed consent
must be included in patients’ records as evidence of express
permissions for treatment or clinical procedures.1,2Although
there are benefits to eConsent,3–5 the reality is that consent
forms remain largely paper-based in health care settings.6

Permissions are typically interpreted throughmanual review
on a case-by-case basis; this presents significant issues in
terms of scalability and consistency of interpretation. Con-
sent forms are also largely scanned, limiting the usability
and/or transferability of the forms.

Machine-interpretable representations of consent per-
missions are needed to support development of tools that
act upon permissions across information ecosystems at
scale. While several machine-interpretable representations
of consent have been developed,3,7,8 these efforts are cen-
tered on consent for research rather than consent in clinical
contexts. Moreover, tools for processing real-world consent
forms—a necessary precursor to linking consent form con-
tent to machine-interpretable representations—remain
underdeveloped.

An annotation scheme serves as a human-readable blue-
print to guide manual discovery of a given phenomenon and
is a fundamental step toward automation. An iterative
approach is often used for development of annotation
schemes, starting with an initial guideline and updating it
after multiple rounds of small sample annotations.9

Objective

This case report presents the process, results, and lessons
learned while developing and testing an annotation scheme
to identify permission-sentences in clinical consent forms.

Methods

Design
This was a retrospective analysis of clinical consent forms.
The principal investigator (PI), a nurse scientist, a trained
research assistant (RA), who contributed a health care con-
sumer perspective, and a practicing registered nurse (RN)
were involved throughout the entirety of the analysis and
annotation process. A data scientist with experience in text
processing supported technical aspects of the study. Institu-
tional review board reviewwas not required because human
subjects were not involved. Only blank consent forms were
collected and analyzed.

Recruitment and Sampling
Consent formswere collected through (1) direct contribution
by health care facilities and (2) systematic web searching.
The Michigan Health Information Management Association
(MHIMA) sent an email to 29 directors of health information
management departments requesting direct contribution of
clinical consent forms. The systematic web search identified
publicly available consent forms using search terms for 200

randomly selected hospitals registered with the Centers for
Medicare and Medicaid Services (CMS),10 50 randomly se-
lected ambulatory surgical centers participating in the Am-
bulatory Surgical Center Quality Reporting Program,11 and
63 health care facilities affiliated with all Clinical and Trans-
lational Science Award (CTSA) hubs funded during 2014 to
2018 (1:1 match for CTSA hub to health care facility).12 All
facilities in the sample of clinical consent forms are described
in ►Supplementary Appendix A (available in the online
version).

Consent Form Management
Directly contributed consent forms were emailed to the PI or
MHIMA contact; one facility allowed the PI to download
consent forms from their internalWeb site. Web searches for
consent forms were retrieved from facility Web sites and
Google searches. Forms were included if their primary
purpose was consent for a clinical care process or procedure.
We excluded duplicate forms, forms used for hospital oper-
ations or nonclinical purposes, and forms that were written
in languages other than English or were not human-readable
after conversion to .txt formats. The RA created records for
facilities and forms in Excel spreadsheets and mapped meta-
data assigned by CMS (e.g., unique identifiers, name, loca-
tion, facility type) to each form.►Fig. 1 summarizes the data
collection and screening procedures.

Annotation Scheme Development
We followed Pustejovsky and colleagues’ MAMA (Model-
Annotate-Model-Annotate) cycle for annotation scheme de-
velopment.13 We iteratively annotated unique sets of five
randomly selected consent forms at a time. The study team
met after each round. We manually compared output after
each iteration, qualitatively examined themes for differences
between annotators, and adapted the annotation scheme
and guideline accordingly to clarify its specifications. The
annotation scheme was stable after five iterations.

The final annotation scheme and guideline is provided in
►Supplementary Appendix B (available in the online ver-
sion). A permission-sentence was formally defined as a
“statement(s) that, upon signature of the consent form,
authorizes any new action or activity that may, must, or
must not be done.” This definition enabled discrimination of
permission-sentences from those which did not allow or
forbid some new action or activity (e.g., descriptions of care,
agreements for payment, statements of patients’ rights). The
tag Positive was used to markup sentences as permission-
sentences (i.e., This is a permission-sentence). The tag Inde-
terminate (i.e., This might be a permission-sentence) indicated
uncertainty by annotators due to ambiguous or inconsistent
language in the consent form; this tag allowed annotators to
group those uncertain sentences into this category rather
than forcing a binary decision. All remaining sentences were
tagged with Negative (i.e., This is not a permission-sentence).

Annotation and Data Preprocessing
Consent forms were converted from their original formats
(.pdf, .doc) to text files (.txt) using document format
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conversion tools built into Adobe Acrobat DC and MSWord.
Permission-sentences were identified and tagged in the
text files by three annotators using an open-source
annotation platform.14 Considerable preprocessing was
required prior to analysis. We used an open-source soft-
ware library for natural language processing15 without any
case-specific optimization to parse and generate a list of all
sentences for each informed consent form. We enforced
standard character encoding (ASCII), and all non-ASCII
characters were removed. We excluded “sentences” (i.e.,
text strings) that lacked English alphabet characters,
were less than nine characters long, or were less than
three words long.

Analysis of Interannotator Agreement
We calculated observed or raw agreement (Ao) by summing
the count of agreed-upon annotations for all tags and divid-
ing by the count of all sentences.We also calculatedweighted
kappa (κw) and Krippendorff’s α to account for the degree of
difference between tags (i.e., there is greater distance
between Positive and Negative than between either tag and
Indeterminate) and demonstrate interannotator agreement
(IAA) beyondwhat was attributable to chance.16 All analyses
were performed using Python 3.7 or R for Statistical
Computing.17

Results

Thefinal dataset included 134 clinical consent forms from 62
health care facilities. The consent form files have been made
publicly available.18 These consent forms include 6,399 total
sentences. Complete agreement was achieved for 5,871
sentences, including 211 positively identified and 5,660
negatively identified as permission-sentences across all
three annotators (Ao¼0.944, Krippendorff’s α¼0.599). Pair-
wise agreement was highest between PI and RN (κw¼0.655).

Most sentences in the consent forms did not create new
contracts of what could or could not be done. Of the
sentences that at least one annotator believed may serve a
contractual purpose (n¼739), 28.6% had full agreement and
47.5% were identified by at least two annotators
(n¼351). ►Table 1 presents IAA measures for all combina-
tions of annotators. ►Table 2 depicts the count and propor-
tion of permission-sentences as the threshold for IAA was
relaxed.

We found some consistency in the language used in
permission-sentences. ►Table 3 lists the top 10 verbs, in-
cluding their frequency and an example, across the 211
completely agreed-upon permission-sentences. These verbs
largely reflect either the act of giving permission (authorize,
consent, may, request, agree, give) or otherwise refer to the

Fig. 1 Data collection and management procedures.
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actor consent is being given to or the action begin consented
for (perform, named, use, receive). This provided our identi-
fying and modeling processes a common structure of per-
mission-sentences, which is reported elsewhere.19However,
these common words and structure alone were not enough
to discriminate permission-sentences with complete consis-
tency, eliminating the possibility of simple rule-based ex-
traction. Beyond instances of missingness (i.e., one or more
annotators did not annotate a permission-sentence), dis-
agreements emerged for several reasons. Example sentences
for sources of disagreements are provided in ►Table 4.

Discussion

We report on development and testing of an annotation
scheme to identify permission-sentences in clinical consent
forms. This is afirst step towarddeveloping tools to automate
permission extraction and machine interpretation of con-
sent form content. One among the challenges in developing
the annotation schemewas the need to generate a definition
of a permission-sentence that was stable for use across

multiple documents and under review by three annotators.
With the definition, we achieved a level of agreement that is
encouraging as a foundation for future work by us or others.
While it is known that reader comprehension of clinical
consent forms is an ongoing challenge,20 our findings may
also point to such complexity and obfuscation within the
forms that even two clinicians (PI and RN) had difficulty
identifying permission-sentences within the sample of
forms.

►Table 5 outlines lessons learned during this study to
improve future annotation and machine-interpretability of
permission-sentences. It is important to acknowledge that
establishing content standards for defining and interpreting
the details of permissions within clinical consent forms
requires the involvement of those who author the form,
those who sign forms, those who review forms, and those
who approve and regulate consent forms at federal, state,
and organizational levels. The emergence of single institu-
tional review board reviews and efforts to improve proce-
dural inefficiencies of data use agreements may cast a bright
light on the need for some standard content about permis-
sions in consent documents. The primary goal of consent
forms, however, is to serve as a tool for communication
between providers and patients, and secondarily to provide
enduring documentation of the agreements between
patients and providers regarding the allowability of actions
that, absent a consent form, would not be allowable. A
balance must be struck between standardly written content
and standards for expressing content.

There is a clear need for informatics-based standards in
this domain, related to clearly defined structures, language
use, and encoding the meaning of these patient permissions
in documents that are constructed in machine-interpretable
formats. Aworking group within Health Level Seven (HL7) is
currently developing a Fast Healthcare Interoperability Re-
source intended to provide interoperability standards that
will address three types of consents: privacy consent direc-
tives, medical treatment consent directives, and research
consent directives.21 HL7 provides a tremendous opportuni-
ty for collaboration among thosewith “real-world” expertise

Table 2 Identification of permission-sentences based on number of annotators

Agreement by 3 annotators Agreement by �2 annotators Annotation by �1 annotator

Positive: this is a
permission-sentence

211 351 635

211/739 (28.6%) 351/739 (47.5%) 635/739 (85.9%)

211/6,399 (3.3%) 351/6,399 (5.5%) 635/6,399 (9.9%)

Indeterminate:
this might be a
permission-sentence

0 5 139

0/739 (0%) 5/739 (0.7%) 139/739 (18.8%)

0/6,399 (0%) 5/6,399 (0.0%) 139/6,399 (2.1%)

Negative: this is
not a permission-
sentence

5,660 6,028 6,168

– – –

5,660/6,399 (88.5%) 6,028/6,399 (94.8%) 6,168/6,399 (96.4%)

Total sentences 6,399

Note: Percentages indicate the proportion of identified sentences to possible permission-sentences (n¼ 739) and the entire corpus (n¼ 6,399).

Table 1 Interannotator agreement measures among
subgroups of and all annotators

Ao κw 95% CI

PI–RA 0.944 0.604 0.415–0.793

RA–RN 0.937 0.580 0.372–0.787

RN–PI 0.951 0.655 0.459–0.851

Krippendorff’s α 95% CI

PI–RA–RN 0.944 0.599 0.566–0.631

Abbreviations: CI, confidence interval. PI, principal investigator; RA,
research assistant; RN, registered nurse.
Note: IAA is reported using all labels (Positive, Indeterminate, and
Negative). Ao is observed agreement, and κw is a weighted Kappa
coefficient, both of which are used to measure IAA between pairs of
annotators. and Krippendorff’s α are used to measure IAA across all
three annotators.
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Table 4 Explanations and examples for common sources of disagreement

Explanation of disagreement Example sentence

Use of “may” which could indicate either
possibility or allowability of some action

A. I/my child/my fetus (circle one) will be tested for genetic indicators that
may be linked to the following genetic disease or condition (insert general
description of disease/condition).
B. This may include performing exams under anesthesia that are relevant to
my procedures.

Broad statements of agreement to all
form content

I have read and agree to the contents of this form.

Statements of understanding or necessity
rather than new allowability

I understand that blood and urine specimens will need to be collected to
determine my care.

Statements of allowable actions in the
second person as opposed to first person

You are allowing the clinic to use this material for quality control purposes
before being discarded in accordance with normal laboratory procedures and
applicable laws.

Statements of unwanted or irrelevant
actions, which may or may not be forbidden

A. I do not wish medical care of any kind except emergency care to be
provided.
B. Transfusion is not applicable to my operation

Tiered consent, when annotators
may markup text differently (e.g.,
stem only, stemþ options, options only, etc.)

The following text includes four consecutive parsed sentences for tiered consent:
sentence stem, first option, description of first option, second option.
1. In the event the patient dies prior to use of all the embryos, we agree that
the embryos should be disposed of in the following manner (check only one
box):
2. Award to patient s [sic] spouse or partner, which gives complete control for
any purpose, including implantation, donation for research, or destruction.
3. This may entail maintaining the embryos in storage, and the fees and other
payments due the clinic for these cryopreservation services.
4. Award for research purposes, including but not limited to embryonic stem
cell research, which may result in the destruction of the embryos but will not
result in the birth of a child.

Table 3 Most common verbs in the 211 agreed upon permission-sentences, their frequency, and example of use

Verb n (%) Example permission-sentence

Authorize 73 (34.6%) I authorize medical evaluation and treatment, and release of information for insurance/medical
purposes concerning my illness and treatment.

Consent 65 (30.8%) I also consent to diagnostic studies, tests, anesthesia, X-ray examinations, and any other treatment
or courses of treatment relating to the diagnosis or procedure described herein.

May 39 (18.5%) If any unforeseen circumstances should arise which… require deviation from the original anesthetic
plan, I further authorize that whatever other anesthetics or emergency procedures deemed
advisable by them may be administered or performed.

Request 25 (11.8%) I, request and consent to the start or induction of my labor by my provider: [sic] and other assistants
as may be selected by him/her.

Agree 23 (10.9%) I agree that any excess tissue, fluids, or specimens removed frommy body during my outpatient visit
or hospital stay…may be used for such educational purposes and research, including research on the
genetic materials (DNA).

Perform 21 (10.0%) I, (Wife) authorize the Strong Fertility and Reproductive Science Center to perform one or more
artificial inseminations on me with sperm obtained from an anonymous donor for the purpose of
making me pregnant.

Give 18 (8.5%) I give permission to my responsible practitioner to do whatever may be necessary if there is a
complication or unforeseen condition duringmy [sic] procedure.

Named 13 (6.2%) I give permission to the hospital and the above-named practitioner to photograph and/or visually
record or display the procedure(s) for medical, scientific, or educational purposes.

Use 12 (5.7%) I request and consent to use of anonymous donor sperm in hopes of achieving a pregnancy.

Receive 12 (5.7%) … I voluntarily consent to receive medical and health care services that may include diagnostic
procedures, examination, and treatment.
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in consent forms and their use and those developing stand-
ards for the exchange, integration, sharing, and retrieval of
information within the consent forms. In the contemporary
environment of digital documents and electronic health
records, standards-based representations of consent, at the
appropriate level of granularity, are essential to transparency
into the permissions authorized by patients when signing
consent forms. Future collaborative work should include
development and refinement of a gold standard list of
permission-sentences and annotations that can be used for
automated- or semiautomated annotation that requires ex-
tensive programing or training of the tagging system.15

While our IAA reflected moderate to substantial agree-
ment,22 these results should be interpreted cautiously. The
schemewe proposemay not yet be sufficient for information
retrieval tasks.We believe that our agreement metrics would
be higher with increased clarity and consistency in language
used in consent forms.

This study has several limitations. First, it is not known
whether the sample is broadly representative of clinical con-
sent forms, nor whether web-retrieved consent forms are
current. Second, additional levels of error variance were not
accounted foraswedidnotnest permission-sentencesby form
or facility. It ispossible that certain facilitiesused language that
was highly agreed or disagreed upon. Readability of the
consent forms was also not assessed. Lastly, use of the PI as
anannotator,whowasboth leadannotationschemedeveloper
and trainer of the RA, may have introduced bias. The annota-
tion scheme should be further refined in future studies or
reused by others for similar annotation tasks.

Conclusion

We developed, tested, and shared an annotation scheme
for classifying permission-sentences within clinical consent
forms that performed with moderate to substantial
reliability among three annotators. Our findings point to
the complexity of identifying permission-sentences within
the clinical consent forms. We present our results in light of
lessons learned, which may serve as a launching point for
developing tools for automated permission extraction. Fu-
ture research should examine the understandability of con-
sent permissions across stakeholders, and potentially

standardization of clinical consent form structures and con-
tent, with emphasis on increasing their understandability by
both human and system users.

Clinical Relevance Statement

Informed consent is foundational to respecting patients’ au-
tonomy. However, consent information presently relies on
human interpretation which is increasingly problematic as
thehealth informationecosystemgrowsmore interconnected.
This study and our lessons learned serve as a launching point
for future permission extraction, which are the precursors for
tools to interpret and act upon permissions at scale.

Multiple Choice Questions

1. Which measure of agreement does not take agreement
due to chance or random error into account?
a. Observed agreement (Ao)
b. Weighted kappa κw
c. Krippendorff’s α
d. Fleiss κ

Correct Answer: The correct answer is a. Observed agree-
ment is a simple ratio of all items agreed upon by
annotators to all possible items. It does not take random
error into account.

2. Who should clinical consent forms be understandable by?
a. Clinicians
b. Patients
c. Compliance officers and lawyers
d. All of the above

Correct Answer: The correct answer is option d. Consent
formsmust be consistently understood by those obtaining
consent (clinicians), those granting consent (patients),
and those who develop and oversee the use of consent
forms (compliance officers and lawyers).

Protection of Human and Animal Subjects
Institutional Review Board review was not required be-
cause human subjects were not involved. Only blank
consent forms were collected and analyzed.

Table 5 Lessons learned to improve on future permission annotation tasks

Lessons learned

• Assess multiple tools (e.g., file conversion tool, annotation software) for a given task and select according to task-specific
performance.

• Aim for a diverse sample on which to develop the annotation guideline and schema.

• Text file data should be cleaned and parsed prior to annotation to prevent disagreements based on differences in
annotation boundaries.

• Collect rationale for each annotator’s decisions, particularly during the schema development phase and when an
annotator assigns the indeterminate tag. Document resolution.

• A single annotator may not be sufficient to identify instances of a given phenomenon amidst lexical variability,
ambiguity of meaning, and complexity of the task. Using more than one annotator reduces errors of missingness
and enables discussions around boundaries and rules for annotation.
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