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Abstract

Plain language summaries (PLSs) of systematic reviews present complex health evidence in accessible language. Advances in artificial
intelligence (Al), particularly large language models, may enhance the generation of PLSs. This protocol describes a randomized, parallel-
group, two-armed, noninferiority trial comparing Al-assisted vs human-generated PLSs. Adults aged 18 years or older, proficient in En-
glish, will be recruited online via an audience recruitment platform. Participants are randomly assigned (1:1 ratio) to (1) the intervention
group: three Al-assisted PLSs based on recent Cochrane reviews; or (2) the control group: three human-generated Cochrane PLSs. The
primary outcome is comprehension (aligned with QUEST’s Understanding dimension), assessed via a 10-item multiple-choice question-
naire for each summary, structured according to Cochrane PLS template sections. Secondary outcomes are readability, quality of
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information, safety considerations, and perceived trustworthiness. This study aims to provide insights into integrating Al technologies in
health communication. Its findings will inform future practices in disseminating evidence-based health information to the public. © 2025
The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.

0/).
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1. Background and rationale

Effective communication of health information is
crucial for enabling individuals to make informed deci-
sions about their health. Systematic reviews, such as those
conducted by Cochrane, synthesize vast amounts of health
research to provide evidence-based conclusions. However,
the complexity of these reviews often makes them inacces-
sible to the general public [1]. To bridge this gap, Co-
chrane provides plain language summaries (PLSs)
designed to present findings in a clear and understandable
manner [2]. However, challenges remain in ensuring that
lay summaries are readable, accurate, and trustworthy
for nonexpert audiences [3,4].

Recent advancements in artificial intelligence (Al),
particularly large language models (LLMs) like Open
AT’s ChatGPT, Anthropic’s Claude, etc, offer the potential
for enhancing the communication of health information.
Growing evidence suggests that Al-assisted writing can
significantly reduce the time required for producing PLSs
compared to human-only approaches. McMinn et al
demonstrated that Al-assisted abstract writing reduced
production time while maintaining comparable quality
metrics [5]. Similarly, recent studies have shown that
human-in-the-loop AI approaches have potential to assist
in developing health communication materials while ad-
dressing the critical challenge of time-intensive summary
development [6,7].

Emerging evidence demonstrates significant efficiency
gains from Al-assisted health communication. Traditional
systematic review development requires 6-18 months from
protocol to publication, creating substantial bottlenecks for
timely evidence dissemination [8,9]. Al-assisted approaches
have shown a potential to reduce development time signifi-
cantly while maintaining quality standards, with studies
demonstrating the potential for substantial time reductions
in health communication writing [5,6] This suggests sub-
stantial scalability benefits for organizations producing large
volumes of evidence summaries. However, existing research
has focused primarily on technical metrics, with limited
comprehensive evaluation using frameworks like QUEST
that address safety, trustworthiness, and real-world
usability—gaps our study directly addresses.

Recent systematic reviews have established frameworks
for evaluating health care LLMs, notably the QUEST
framework, which provides structured guidance for human

evaluation across the following five key dimensions: quality
of information, understanding and reasoning, expression
style, safety and harm, and trust and confidence [10]. The
QUEST framework was developed through a systematic re-
view of 142 health care LLM evaluation studies, identi-
fying critical gaps in current evaluation practices.

The framework provides structured guidance across five
key dimensions specifically designed for health care Al ap-
plications. Previous research has established that although
automated metrics dominate current LLM evaluation, hu-
man assessment remains the gold standard for ensuring
safety, reliability, and clinical acceptability—particularly
crucial for health communication applications where misin-
formation can have serious consequences [11,12].

These models can generate human-like text and have the
potential to assist in creating summaries that are both accu-
rate and easily comprehensible, which would make the
complex results of systematic reviews more accessible to
a general audience [13]. However, concerns exist about
the accuracy and trustworthiness of Al-generated content,
especially in health contexts where misinformation can
have serious consequences [13—15]. A combined approach,
in which Al language models generate initial summaries,
which are then refined and verified by human experts, has
therefore been proposed. This human-in-the-loop approach
(where human experts are involved in refining and veri-
fying Al outputs) can potentially combine AI’s strengths—
such as rapid text generation and language proficiency —
with human expertise to ensure the summaries are accurate,
understandable, and aligned with best practices in health
communication.

As Al-generated content becomes increasingly inte-
grated into health care, it is essential to evaluate its effec-
tiveness and reliability in real-world applications [16]
using rigorous trials. Such evaluations must assess not only
technical accuracy but also safety considerations and poten-
tial for harm, particularly in health communication con-
texts. Such comparisons can provide empirical evidence
on how Al-assisted summaries perform relative to tradi-
tional human-generated summaries.

Our evaluation approach is guided by the QUEST
framework, ensuring a comprehensive assessment across
key dimensions critical for health communication.

This study compares two methods of generating PLSs of
Cochrane reviews.
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What is new?

Key findings

e We will compare artificial intelligence (Al)-assis-
ted and human-generated plain language sum-
maries (PLSs) of Cochrane reviews in a
randomized trial to establish whether Al assistance
yields summaries that are noninferior in terms of
comprehension, readability, quality, safety, and
trustworthiness.

What this add to what is known?

e PLSs are crucial for making complex health evi-
dence accessible to the general public, but creating
them requires significant expertise and resources.

e Large language models show promise for
enhancing health information communication, but
their effectiveness in creating accurate, compre-
hensible, and trustworthy summaries has not been
rigorously evaluated in randomized trials.

What is the implication and what should change

now?

e If Al-assisted summaries prove noninferior to
human-generated ones, this could significantly
improve the scalability and efficiency of dissemi-
nating evidence-based health information to the
public and other stakeholders.

o This study will provide empirical evidence to guide
the integration of AI technologies in health
communication and inform future practices in
making health evidence more accessible.

1. Al-assisted summaries: human experts collaborate
with an LLM in a human-in-the-loop model to create
summaries intended for a general audience.

2. Standard human-generated summaries: traditional
summaries produced solely by human experts
following Cochrane’s established guidelines.

The evaluation of these summaries will systematically
assess all five QUEST dimensions while maintaining focus
on our primary outcome of comprehension.

2. Objective

This study, which is part of a larger initiative known as
the Health Information Effectiveness Trials, is the first in a
series of studies evaluating methods for enhancing health
information communication. The aim is to evaluate whether
integrating Al in generating PLSs enhances the communi-
cation of synthesized evidence. Specifically, this study will
compare the effectiveness of Al-assisted vs human-
generated summaries of Cochrane reviews, testing for

noninferiority in five key dimensions of health communica-
tion among the general public, guided by the QUEST
framework for health care LLM evaluation [10].

2.1. Questions

1. Are Al-assisted summaries noninferior to human-
generated summaries in terms of how well partici-
pants understand the health information provided?
(comprehension)

2. Are Al-assisted summaries noninferior to human-
generated summaries in terms of expression style,
as measured by the standardized readability metrics?
(expression style)

3. Are Al-assisted summaries noninferior to human-
generated summaries in terms of quality of information
in representing the Population, Intervention, Compar-
ator, Outcomes (PICO) elements and overall findings
of the Cochrane reviews? (quality of information)

4. Do participants rate the trustworthiness of Al-assisted
summaries as noninferior compared to human-
generated summaries? (perceived trustworthiness)

5. Are Al-assisted summaries noninferior to human-
generated summaries in terms of safety consider-
ations, including potential for harm, bias, and appro-
priate presentation of limitations? (safety)

3. Trial design

This study is a randomized, parallel-group, two-armed,
noninferiority trial designed to compare the effectiveness
of Al-assisted Cochrane PLS and standard human-
generated Cochrane PLS in a general public audience. The
protocol’s reporting follows the Standard Protocol Items:
Recommendations for Interventional Trials guidelines [17].
The outcome assessment is structured according to the
QUEST framework for evaluating health care LLMs [10].

Participants will be randomized in a 1:1 allocation ratio
to one of two groups.

1. Intervention group: Al-assisted summaries generated
iteratively using a LLM.

2. Comparator group: standard human-generated Co-
chrane PLS prepared solely by experts in systematic
reviews who are independent of the study team.

Both groups will receive summaries based on the same
three Cochrane reviews. This ensures that each summary
is evaluated in both Al-assisted and human-generated
forms, facilitating a direct comparison between the two
methods."

3.1. Blinding

Due to the nature of the interventions and the public
availability of human-generated Cochrane PLSs, blinding
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participants to their group allocation is not feasible in this
study. Participants might recognize the human-generated
summaries if they have prior familiarity with Cochrane re-
views or if they search for them online.

Researchers administering the study and analyzing
outcome data will also be aware of group assignments
due to the nature of the intervention materials and the data
collection processes.

4. Methods: participants, interventions, and outcomes
4.1. Study setting

This trial will be conducted fully online, leveraging dig-
ital platforms to recruit participants and deliver the study
materials. The Prolific platform (https://www.prolific.com)
will be used to recruit diverse participants, including indi-
viduals from various geographic locations, age groups,
and educational backgrounds.

The trial will use Questionpro, an online survey system
that will randomly divide participants into two groups:
those receiving Al-assisted summaries and those receiving
human-generated Cochrane PLS. All participants will com-
plete demographic, baseline, and outcome assessments
directly within the online platform, ensuring accessibility
and convenience.

4.2. Eligibility criteria
4.2.1. Inclusion criteria

1. Participants must be 18 years or older.

2. Participants must be proficient in English, as the
study materials—including the intervention, compar-
ator, and assessments—will be provided in English.
To ensure adequate comprehension, participants will
be asked to self-report their English reading profi-
ciency on a scale from 1 (very poor) to 10 (excellent).
Only those who rate their reading proficiency as 7 or
higher will be eligible to participate in the study.

3. Participants must have access to the internet and a de-
vice capable of completing an online survey (eg,
computer, tablet, or smartphone).

4. Participants must provide informed consent before
starting the study.

4.2.2. Exclusion criteria

1. Individuals unable to complete the online survey or
who fail to meet the minimum participation require-
ments will be excluded.

2. Responses will be excluded if they meet any of the
following criteria:

e Total completion time <10 minutes (combined
reading and question time). Responses will be
excluded if the total completion time
is < 10 minutes. The threshold is based on the

average length of pilot Cochrane PLSs (672 words;
range 265—1324) reported in the 2021 PLS pilot
evaluation report [18]. Reading three such summaries
(=2 020 words) at a conservative adult silent-reading
speed of 238 words per minute for nonfiction requires
about 82 minutes. Even a very fast, focused partici-
pant requires at least another 12 minutes to answer
the 10-item comprehension quiz and demographics,
giving a realistic lower-bound engagement time of
=~ 10 minutes. We, therefore, treat a total task time
<10 minutes as evidence the respondent is unlikely
to have read the material attentively.

e Evidence of straight-line answering patterns,
defined as selecting the same response multiple
times across unrelated items.

4.3. Interventions

4.3.1. Al-assisted PLSs

Each participant in the intervention group will receive
three health information summaries generated through an
iterative process involving human experts collaborating
with an AI LLM. The specific LLM will be selected based
on available benchmarking of available models at the time
of protocol implementation, prioritizing those models that
show superior performance in scientific summarization,
medical knowledge accuracy, and plain language genera-
tion. To minimize potential order effects, the presentation
sequence of the three summaries will be randomized for
each participant. They will receive the same three sum-
maries, deliberately chosen to represent varying levels of
complexity and different health topics. This human-in-
the-loop process aims to create a PLS of Cochrane inter-
vention reviews that is clear, structured, accurate, and suit-
able for a general audience.

Reviews will be selected based on the following criteria.

e Publication date: Cochrane reviews should have been
published after the last training date (as best as can be
established) of the LLM used to ensure the AI model
has no prior exposure to the content.

e Focus on the effectiveness of health care interven-
tions, measuring clear outcomes such as treatment
success or failure.

e Relevance to common public health concerns and the
ability to generate summaries that a general, nonex-
pert audience can understand.

e Diversity in complexity levels, assessed using stan-
dardized readability metrics.

e Representation of different types of interventions (eg,
pharmacological, behavioral, and surgical)

Three Cochrane reviews will be purposefully selected
based on these criteria to ensure diversity in health topics
and complexity levels. All participants will receive sum-
maries of these same three reviews.
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The process of developing the PLS will consist of the
following steps, all of which will be piloted.

1. Initial prompt development and standardization:

e A comprehensive, draft structured prompt has been
developed based on Cochrane PLS guidance [19],
enhanced with best practices from Al prompting
guidelines and plain language resources [20—23]
(see Supplementary file 1 for draft of full prompt)

e The prompt includes detailed specifications for:

e Core requirements (length, reading level,
and audience)

Preparation steps

Required sections with word counts
Language guidelines

Formatting requirements

Quality checks

e The prompt will be tested on pilot reviews and
refined iteratively

e The final standardized prompt ensures adherence
to:

Cochrane PLS structure and guidelines
Eighth-grade reading level requirement
Maximum 800—850 word limit

Clear specification of certainty of evidence
Balanced presentation of benefits and harms

We will provide the Al model with relevant sections of
Cochrane reviews. If the review is short, we will include
the full text, covering background, methods, results, and
conclusions. For longer reviews that exceed the Al’s
context window, we will prioritize key sections such as
the abstract, main results, and conclusions. The background
and methods will be summarized concisely, either manually
or using the Al itself to generate streamlined versions. Any
Al-generated content used as input will be carefully re-
viewed and verified by human experts to ensure accuracy
before being incorporated into the process. This approach
ensures critical information is included while adhering to
input limitations. The existing Cochrane PLS included in
the original Cochrane review will not be provided to the
LLM as part of the file input.

2. Iterative refinement process:

e Two independent experts will review the initial Al
output against the detailed quality checklist pro-
vided in the prompt

e Structured feedback will use standardized assess-
ment covering:

Content completeness and accuracy
Language clarity and accessibility
Formatting and structure
Readability metrics

e Term consistency
e Adherence to word count limits per section

e A maximum of three refinement rounds will be
conducted, with refinement stopping if no substan-
tial improvements (defined as <5% change in
readability scores) are observed between rounds.

e Each iteration will be documented and assessed us-
ing objective metrics:

Readability scores

Sentence length averages

Active voice percentage

Medical-term explanation completeness
Section-specific word counts

e As part of process reporting, we will measure the
similarity between the Al-generated text and the
final Al-assisted text using the Jaccard Similarity
Index [24] or other text similarity measures to help
demonstrate the extent to which the human expert’s
input modified the original LLM output.

e Example refinement prompts:

e '"Include information on the side effects of
the intervention."

e "Simplify the language used to describe the
study results."

e "Clarify the sample size and demographic
details of the study participants."

e "Summarize the key findings in bullet
points for easier understanding."

. Final expert review and enhancement: The human

expert will integrate their own knowledge to ensure
the final summary is accurate, comprehensive, and
understandable. This involves:

e Adjusting complex health terms to be more acces-
sible to the general public and avoiding medical
terminology

e Ensuring all key points from the Cochrane review
are covered, and the summary aligns with the Co-
chrane PLS guidance.

e Ensuring that the PICO elements and findings are
accurately represented.

o Checking against QUEST framework criteria for
quality and safety, which means, verifying appro-
priate presentation of uncertainties and limitations

. Public and patient involvement (PPI): A PPI partner

will review the summary, focusing on readability,
clarity, and accessibility for a general audience. The
PPI partner will specifically assess whether medical
terms are adequately explained and whether the infor-
mation would be helpful for decision-making. Their
feedback will be incorporated into the final version
of the PLS. The PPI partner will use a structured



6 D. Devane et al. / Journal of Clinical Epidemiology 185 (2025) 111894

checklist aligned with the prompt requirements to
ensure systematic feedback.
5. Documentation and quality control

e Each stage of the interaction with the Al,
including the initial prompt, the follow-up refine-
ments, and the final integrated summary, will be
documented and reported. Documentation will
include the rationale for major changes between
versions. The duration of each human—AI itera-
tion will be automatically time-stamped, and the
median (interquartile range) total generation time
per summary will be reported descriptively as
part of the process evaluation. Because the
historical human-generated Cochrane PLSs were
produced outside the trial and their development
time is not recoverable, these timing data will
be presented for transparency only and will
not be used for statistical comparison between
arms.

e Text similarity metrics will be calculated between
versions.

e Changes in readability metrics will be tracked
across iterations.

e Final verification against the QUEST framework
criteria will be performed.

e Independent review by a second expert will confirm
adherence to all quality standards.

4.3.2. Human-generated Cochrane PLSs

Each participant in the comparator group will receive
the existing published Cochrane PLS for each review pre-
pared by human experts without Al assistance. Partici-
pants will receive the same three summaries based on
the identical Cochrane reviews used in the intervention
group, ensuring direct comparability between the Al-
assisted and human-generated summaries. These sum-
maries adhere to the structure and principles in the Co-
chrane guidance for writing PLSs [19]. The Cochrane
reviews selected will be the same as those used in the
intervention group.

1. Each summary is created by systematic review ex-
perts following the detailed guidance in the Cochrane
Handbook. This includes efforts to:

e Avoid medical/health jargon and use language
easily understandable by a general, nonexpert
audience.

o Adhere to the standard Cochrane PLS template,
which includes key headings such as:

e Plain language summary title
o Key messages
e What did we want to find out?

What did we do?

What did we find?

Main results, including narrative statement

on confidence (certainty) in the evidence

What are the limitations of the evidence?
e How up-to-date is this evidence?

2. These PLSs undergo peer review to ensure the qual-
ity, consistency, and accuracy of the information pre-
sented before publication. The review process ensures
that the final summary faithfully represents the find-
ings of the Cochrane review in a clear and structured
manner.

4.4. Outcomes

The following outcomes will be assessed, aligned with
the QUEST framework for evaluating health care LLMs
[10].

4.4.1. Primary

1. Comprehension (aligned with QUEST’s understand-
ing dimension)

Participants will complete a standardized 10-item
multiple-choice questionnaire for each summary, structured
to align with the Cochrane PLS template (see
Supplementary file 2). The questionnaire systematically as-
sesses understanding across five key domains.

1. Understanding of review topic (2 items)

e Understanding of the health condition/problem
e Recognition of review importance

2. Review aims and methods (2 items)

e Comprehension of the main review question
e Basic understanding of evidence-gathering
approach

3. Main results (3 items)

e Understanding of key benefits
e Understanding of unwanted effects/harms
e Grasp of the size of the evidence base

4. Evidence quality and limitations (2 items)

e Recognition of main limitations
e Understanding of evidence strength/certainty

5. Currency of evidence (1 item)
e Awareness of how current the evidence is
Each question will use plain language as defined in the

Cochrane PLS guidance, avoid technical terms without
explanation, and include four response options with one



D. Devane et al. / Journal of Clinical Epidemiology 185 (2025) 111894 7

correct answer. The questionnaire will be piloted with pub-
lic participants to ensure clarity.

For the primary outcome of comprehension, a noninfer-
iority margin of 10% will be used. Al-assisted summaries
will be considered noninferior if the comprehension score
is not more than 10% worse than that of human-
generated summaries.

4.4.2. Secondary

2 Readability (aligned with QUEST’s expression style
dimension)

Readability will be assessed automatically in
readabilityformulas.com, using multiple formulas to mea-
sure the ease with which the text can be read and under-
stood [25]. These tests evaluate sentence length, word
complexity, and the overall grade level required for
comprehension. We will measure and report the following
readability measures in Table 1.

Primary  readability = outcome will be the
Flesch—Kincaid Grade Level, with other metrics reported
as secondary outcomes. To assess the impact of human
intervention, we will compare the readability scores of
the initial Al-generated summaries with those of the final
Al-assisted summaries.

For the outcome of readability, a noninferiority margin
of 1-grade level will be used. Al-assisted summaries will
be considered noninferior if their mean Flesch—Kincaid
Grade Level is not more than 1-grade level higher than that
of human-generated summaries.

3. Quality of Information

Two independent systematic review experts will compare
both the Al-assisted and human-generated summaries
directly against the original Cochrane review. This prevents
the human summary from being treated as an implicit “gold
standard” and allows errors in either version to be detected.

The assessment will focus on four main types of
errors.

1. Incorrect output (where the LLM generated wrong
information).

2. Irrelevant output (where the LLM generated unneces-
sary or off-topic information).

3. Omissions (where the LLM failed to include key in-
formation that should be present).

4. Currency errors (where information is outdated or
inconsistent with current evidence)

Quality will be rated on a 1 to 3 scale.

1 .Poor quality (significant errors that mislead the
reader)

2 .Moderate quality (minor errors that do not signifi-
cantly alter understanding)

3 .High quality (no errors)

Inter-rater reliability will be calculated using Cohen’s
Kappa, with a minimum threshold of 0.7 required. A
third systematic review expert will arbitrate all disagree-
ments. The assessment process will be piloted and
refined with three test summaries before full
implementation.

We assume a baseline accuracy rate of 80% in the
human-generated summaries (group A) and set a noninfer-
iority margin of 10%. Al-assisted summaries will be
considered noninferior if their accuracy rate is not more
than 10% lower than that of human-generated summaries.

4 Safety (aligned with QUEST’s safety and harm
dimension

Two independent expert raters will evaluate each sum-
mary using two safety assessment frameworks:

Core safety criteria (applied to both Al-assisted and
human-generated summaries).

e Risk of misinterpretation

e Presence of bias or inappropriate recommendations

e Appropriate  presentation of limitations and
uncertainties

e Consistency with source Cochrane review

Additional Al-specific safety criteria (applied only to
Al-assisted summaries).

e Evidence of fabrication or hallucination
o Consistency between initial Al output and final Al-
assisted version

Safety will be assessed as present/absent for each crite-
rion, generating a percentage score of safety criteria met. A
noninferiority margin of 10% will be used on core safety
criteria only. Al-specific safety concerns will be reported
descriptively and used to inform process improvements.
Any critical safety issues identified during the assessment
will be documented and reported separately.

5. Perceived trustworthiness (aligned with QUEST’s
trust and confidence dimension)

Participants will be asked to assess the trustworthiness
of reviews using a 5-point Likert scale (1 = "strongly
disagree" to 5 = "strongly agree") based on items adapted
from existing scales measuring trust in online health infor-
mation. Participants will rate their agreement with the
following statements.

o "I trust the information provided in this summary."

e "This summary is from a reliable source."

e "] am confident in the accuracy of the information in
this summary."

e "I believe the source of this summary has expertise in
the subject matter."

e "I would use the information from this summary to
make health decisions."
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Readability test

Measures

Aims to measure

Flesch Reading Ease

Flesch—Kincaid Grade Level

Gunning Fog Index

Automated Readability Index

Coleman—Liau Index

SMOG Index

Linsear Write Readability
Formula

Sentence length: average number of words per
sentence

e Word length: average number of syllables per word
e Overall text readability: provides a score between

0 and 100, with higher scores indicating easier
readability

Sentence length: average number of words per
sentence

e Word length: average number of syllables per word
e Overall text readability: provides a US school

grade level, indicating the minimum education
level needed to understand the text

Sentence length: average number of words per
sentence

Vocabulary difficulty: percentage of complex or
polysyllabic words

Overall text readability: estimates the years of
formal education needed to understand the text

Sentence length: average number of words per
sentence

Word length: average number of characters per
word

Overall text readability: provides a US school
grade level

Sentence length: average number of sentences
per 100 words
Word length: average number of letters per word

e Overall text readability: provides a US school

grade level

Vocabulary difficulty: number of polysyllabic
words

Overall text readability: estimates the years of
education needed to understand the text

Sentence length: average number of words per
sentence

e Word length: number of complex words
e Overall text readability: provides a grade level

score

How easy the text is to read; higher scores
suggest the text is easier to understand

The educational grade level required to
understand the text

The number of years of education needed
to understand the text

The US grade level required to
comprehend the text

The educational grade level required to
understand the text, focusing on
characters per word and sentences per
100 words

The number of years of education needed
to comprehend the text based on
polysyllabic words

The grade level required to understand
the text, emphasizing the number of
complex words

SMOG, Simple Measure of Gobbledygook.

After completing all assessments for all summaries, par-
ticipants will be asked two additional questions.

1. Do you think this summary was written by:

e A human expert alone

e An Al system with human expert review
e An Al system alone

e Not sure

2. How much would it matter to you if health informa-
tion was written by each of the following? Please rate
from 1 (does not matter at all) to 5 (matters a great
deal):

e A human expert alone
e An Al system with human expert review
e An Al system alone

The primary trustworthiness measure will be calculated
as the mean score across all five items (range 1-5), with in-
dividual item scores reported descriptively as secondary
outcomes. In the human-generated summaries, we expect
a mean score of 4.5 out of 5. The composite score has a
noninferiority margin of 0.5 points. Al-assisted summaries
will be considered noninferior if their mean trustworthiness
score is not more than 0.5 points lower than that of human-
generated summaries.

To ensure unbiased scoring, the two expert-rated
domains—quality of information and safety/harm—will
be evaluated by comparing every statement in each sum-
mary with the full Cochrane review. This prevents the exist-
ing human PLS from being treated as a de-facto “gold
standard”: any incorrect, irrelevant, omitted, or outdated
content (quality-of-information errors) and any safety
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concerns are identified equally in both versions.
Participant-rated outcomes (comprehension, perceived
trustworthiness) and software-derived readability metrics
are assessed directly on the summaries themselves.

4.5. Farticipant timeline

On day 1, participants will be recruited, screened, and
randomly assigned to the intervention (Al-assisted sum-
mary) or comparator (human-generated summary) groups.
They will receive three summaries (the same for all partic-
ipants) and complete the comprehension and trustworthi-
ness assessments for each summary on day 1. All data
will be collected remotely. Data collection will occur in a
single session per participant, with an estimated total
participation time of 45-60 minutes, including consent,
reading three summaries, completing assessments, and de-
mographic questions.

4.6. Sample size

The sample size calculation for this trial is based on de-
tecting noninferiority in comprehension scores between the
two groups. We assume a baseline comprehension score of
80% in the group receiving human-generated summaries
(group A) and expect that the comprehension score in the
Al-assisted summaries (group B) will be no worse than
10% below this score. We set a noninferiority margin (A)
of 10%, which means that Al-assisted summaries will be
considered noninferior if the comprehension score is not
more than 10% lower than that of human-generated
summaries.

Sample size calculations indicate that 396 evaluable par-
ticipants (198 per group) are needed for 80% power to
detect noninferiority with a margin of 10% (1 point on
the 10-point comprehension scale), assuming a mean score
of 8/10 in both groups and using a two-sided 95% confi-
dence interval (CI) approach.

To account for clustering of responses (three summaries
per participant), we applied a design effect of 1.04, calcu-
lated as 1 + (3-1) x 0.02, where 0.02 is the assumed intra-
class correlation coefficient. This increases the required
sample to 412 evaluable participants.

Therefore, we will recruit 454 participants (227 per
group) to ensure at least 412 evaluable cases after account-
ing for an anticipated 10% dropout or exclusion rate. This
sample size should provide adequate power for both pri-
mary and secondary outcomes, although it may be under-
powered to detect small differences in readability
measures.

Sample estimates were generated using Sealed Enve-
lope’s sample size calculator for noninferiority trials [26]
and adjusted for the design effect due to clustering.

4.7. Recruitment

Participants will be recruited via an audience recruit-
ment platform (Prolific). They will be compensated accord-
ing to Prolific’s usual compensation standards.

5. Methods: assignment of interventions
5.1. Allocation

5.1.1. Sequence generation

The allocation sequence will be handled using the Ques-
tionPro block randomizer, with participants randomly as-
signed to either the control (human-generated summaries)
or intervention (Al-assisted summaries) group on a 1:1 ra-
tio. All participants within each group will receive the same
three summaries, which have been purposefully selected as
described previously.

5.1.2. Allocation concealment mechanism

QuestionPro’s randomization feature will automatically
assign participants to either group while ensuring that the
information leaflet and demographic and outcome-related
questions remain consistent for all participants.

5.1.3. Implementation

The randomization logic, available in the block flow tab
within QuestionPro, ensures equal allocation between
groups. The platform will fully automate group assignment.

6. Methods: data collection, management, and analysis
6.1. Data collection methods

Data collection will be conducted via QuestionPro. Each
participant will receive three summaries. After viewing
each summary, participants will immediately complete
baseline demographics, including health care background
(yes/no) to assess potential response differences based on
background knowledge, and self-reported outcome assess-
ments (ie, comprehension and trustworthiness). Standard-
ized questionnaires will assess comprehension, and Likert
scales will assess trustworthiness. Readability metrics will
be calculated automatically in readbilityformulas.com
[25], and accuracy by the research team, as noted earlier.
All data collection is embedded in the survey platform.

6.2. Data quality monitoring

We will monitor data quality through multiple
mechanisms.

e Before beginning the main assessment tasks, partici-
pants will complete an instructional attention check
[27]. This involves a page titled "Introduction to Plain
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Language Summaries in Health Research" containing
background information about PLS and specific in-
structions to click the title rather than answer a decoy
multiple-choice question.

e Responses will be monitored for data quality with the
following criteria:

e Total completion time <10 minutes (combined
reading and question time)

e Responses showing straight-line answering patterns
(same answer selected for all questions)

e Responses with inconsistent answers to related
questions

e Flagged responses will be reviewed independently by
two researchers to determine exclusion.

6.3. Data management

Data will be securely stored in the QuestionPro and Pro-
lific platforms, which provide built-in data entry, coding,
and storage tools. Data security is ensured through encryp-
tion and limited access.

6.4. Data sharing and access

Study data will be collected anonymously through Pro-
lific. The dataset, including responses, comprehension
scores, and quality assessments, will be made available
for secondary research through a publicly accessible OSF
Project website at time of results journal publication.

6.5. Statistical methods

The primary analysis population will exclude partici-
pants who meet any of the following prespecified criteria.

e Failed the instructional attention check

e Completed reading and answering the questions in
less than 10 minutes total

e Demonstrated straight-line answering patterns (same
answer selected for all questions)

A sensitivity analysis will be conducted, including all
randomized participants (full intention-to-treat [ITT] popu-
lation) regardless of these exclusion criteria.

All exclusions will be documented and reported accord-
ing to Consolidated Standards of Reporting Trials guide-
lines, including.

e Number excluded for each criterion

e Comparison of exclusion rates between study arms

e Baseline characteristics of excluded vs included
participants

Primary and secondary outcomes will be analyzed using
descriptive statistics and appropriate inferential tests. Given

that participants evaluate three summaries each, and each
summary is evaluated by multiple participants, we will
use mixed-effects models to account for the hierarchical
data structure. This approach will include random effects
for participants and summaries to address within-
participant and within-summary variability.

For the primary outcome (comprehension) and the second-
ary outcomes (accuracy, readability, and perceived trustwor-
thiness), we will conduct one-sided tests for noninferiority
using the predefined noninferiority margins for each outcome.

If noninferiority is established for any outcome, we will
test for superiority for that outcome using the same model
structure. Superiority will be concluded if the lower bound
of the two-sided 95% CI for the difference (Al-assisted
minus human-generated) is greater than zero.

No interim analyses are planned for this noninferiority
trial.

6.5.1. Comprehension and accuracy

e We assume baseline rates of 80% in the human-
generated summaries and set a noninferiority margin
of 10%.

e Noninferiority will be concluded if the upper limit of
the two-sided 95% CI for the difference in propor-
tions (Al-assisted minus human-generated) does not
exceed 10%.

6.5.2. Readability

e Primary readability outcome will be Flesch—Kincaid
Grade Level.

e A noninferiority margin of 1-grade level is set.

e Noninferiority will be concluded if the upper limit of
the two-sided 95% CI for the difference in mean
grade levels does not exceed 1.

6.5.3. Perceived trustworthiness

e We expect a mean score of 4.5 out of 5 in the human-
generated summaries and set a noninferiority margin
of 0.5 points.

e Non-inferiority will be concluded if the upper limit of
the two-sided 95% CI for the difference in mean
scores does not exceed 0.5.

Missing data will be handled using multiple imputation
techniques. Both ITT) and per-protocol (PP) analyses will
be performed to assess the robustness of the findings, as
recommended for noninferiority trials. The ITT analysis
will include all participants as originally allocated, whereas
the PP analysis will include only those who fully adhered to
the study protocol.

For outcomes requiring expert assessment (quality of in-
formation and safety), inter-rater reliability will be
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calculated using Cohen’s Kappa, with a minimum threshold
of 0.7 considered acceptable. Disagreements will be
resolved through discussion with a third expert rater.

Subgroup analyses will explore the effects of age and
educational background and health care background on out-
comes. Adjusted analyses will be conducted to control for
potential confounding variables such as demographic fac-
tors. Sensitivity analyses may be performed to assess the
impact of missing data, different assumptions, and model
specifications on the results.

A data monitoring committee will not be established for
this trial, as the intervention poses minimal risk and in-
volves evaluating written summaries without physical inter-
ventions. No serious adverse events are anticipated. Trial
conduct will be internally monitored by the research team
to ensure protocol adherence and data integrity.

7. Discussion

This study seeks to evaluate the effectiveness of inte-
grating Al in generating PLSs of Cochrane reviews for a
general audience. By leveraging a human-in-the-loop
approach, we combine the potential efficiency and lan-
guage capabilities of Al models with the expertise of hu-
man reviewers, aiming to produce summaries that are
accessible, accurate, and trustworthy.

An innovative aspect of our study design is the use of
purposefully selected Cochrane reviews to ensure diversity
in health topics and complexity levels. This approach en-
hances the generalizability of our findings by testing the
Al-assisted method across various health topics and content
complexities. It allows us to assess the consistency and reli-
ability of Al-assisted summaries in different contexts, mak-
ing our results more applicable to real-world settings.

We anticipate that our findings will provide valuable in-
sights into the potential of Al-assisted summarization in
health communication. If Al-assisted summaries are found
to be noninferior to human-generated summaries, this could
have significant implications for the scalability and effi-
ciency of disseminating evidence-based health information
to the public.

However, our study has some limitations. Although we
chose reviews published within the prior 3 months, given
the rapid pace of LLM development, we cannot be sure if
the LLM would have included this review in its training
data. In addition, using only three purposefully selected re-
views may limit the generalizability of our findings to other
health topics not included in the study. We have attempted
to mitigate this by selecting reviews that cover diverse
topics and complexity levels. Finally, the public availability
of the human-generated Cochrane PLSs means participants
could potentially recognize these summaries or find them
online, which may influence their responses.

In summary, this study aims to contribute to the under-
standing of how Al can be effectively integrated into health

information communication, potentially enhancing accessi-
bility and engagement for nonexpert audiences.
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