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ABSTRACT
Lay summaries exist to bridge the gap that separates the
scientific community from the general public. To foster
improved science communication, this study examined
the overall quality and readability of published lay
summaries across peer-reviewed journals. We obtained 200
lay summaries published in four science journals: eLife,
PLOS Medicine, Proceedings of the National Academy
of Science (PNAS), and the Journal of Hepatology. Over
900 students across three semesters participated as raters
of each summary using a rubric developed to assess the
overall quality, accuracy, and accessibility of lay summaries
across these journals. The Flesch Reading Ease formula was
used to determine the readability of the highest and lowest
scoring summaries from each journal. eLife and the Journal
of Hepatology had the highest and lowest mean scores
for overall quality of 15.6 and 11.7 out of 20, respectively.
There were statistically significant differences in accuracy
and accessibility found across all journals (p<0.0001). eLife
had the highest scoring lay summary for readability. The
differences in and lack of consistent scoring across journals
with the rubric indicate that deficits exist in the overall quality
and readability of published lay summaries. These findings
may support the development of guidelines that incorporate
elements of the rubric used to write effective lay summaries.

INTRODUCTION
Scientific journals are the predominant medium for
communicating research findings. Scientists have the necessary
training to read and contextualize scientific articles, however, the
general public may lack these skills." This is a significant issue as
non-specialist audiences are key stakeholders in scientific research
through their roles as patients, research participants, and members
of society, and need to be informed of important advancements.>’
Unlike technical abstracts, lay summaries are designed to
communicate research to the general public in an accessible
format.* These texts are typically 250 to 300 words of relevant
summary content that clarify complex ideas, and are free of
jargon.>® Further, scientific journals use the passive voice while lay
summaries use the active voice to foster greater reader engagement.’

The Importance of Lay Summaries
Lay summaries benefit both the general public and the scientific
community. Greater accessibility facilitates higher visibility of
research, correlating with increases in the number of citations
and future scientific collaborations.® Additionally, lay summaries
extend the reach of research articles on social media and
news platforms, removing the barrier for general audiences to
understand and engage with relevant science.” This translation
of knowledge can increase public interest in science, leading to
greater public participation in research.”’ Lay summaries can help
to combat misinformation, particularly in the health sciences."
Accuracy and accessibility are essential to a powerful lay summary.
Accuracy refers to making information easier to understand
without compromising the clear communication of facts.
Accessibility refers to the removal of barriers to public

understanding, such as jargon. Many researchers find it
challenging to write lay summaries that accurately and accessibly
communicate findings to the public.’ This is troubling as lay
summaries are the strongest defense against a reporting practice
known as spin -the biased and inaccurate translation of scientific
information, leading to misinterpretations." Disparities in
these aspects may be due to a lack of consensus and training
on instructions to write lay summaries across peer-reviewed
journals.'” For example, PLOS Medicine requires authors to
include a bullet point-structured summary of their research that
is accurate and accessible to non-scientists.”” However, apart
from omitting technical terminology and acronyms, the terms
accurate and accessible are not further defined.”® According to a
sentiment analysis published in the Cambridge University Press,
the readability of scientific writing has declined, while the use of
scientific jargon has increased over the past three decades." The
Flesch Reading Ease (FRE) score is a readability measure that
assesses how easily a piece of text can be understood. Applying the
FRE to scientific abstracts has revealed that the average number
of syllables per word and the average sentence length in scientific
abstracts have steadily increased since 1960."* More than 20%
of abstracts currently have an FRE score at the post-secondary
level, well-above the target of 8th and 9th grade students."” These
findings indicate that current science communication efforts may
not effectively convey research findings to general audiences.

Knowledge Gap and Research Question
This study builds on data collected from three semesters of
undergraduate students in the LIFESCI 2AA3 course at McMaster
University. The aim of this ongoing research is to help establish
a gold standard for the quality of lay summaries across peer-
reviewed journals. This study compares the quality of selected lay
summaries across journals using a rubric to assess overall quality,
including accuracy and accessibility, and the FRE score to assess
readability. This investigation also explores the potential of this
rubric in helping to establish guidelines for writing lay summaries.

RESEARCH DESIGN
This study analyzed 200 lay summaries from four reputable (impact
factor of 3 or higher) scientific journals: eLife, PLOS Medicine,
Proceedings of the National Academy of Science (PNAS), and
Journal of Hepatology. These journals were selected as they
consistently publish lay summaries alongside articles. Fifty lay
summaries were assessed from each journal using two methods:
a subjective, specially developed rubric to determine accessibility
and accuracy, and an objective FRE formula score to determine
readability. Over 900 undergraduate students in the LIFESCI
2AA3 participated as raters. Each lay summary was graded by
six to nine students using a rubric (Appendix Figure A) created
by Dr. Katie Moisse, Assistant Professor and Associate Director
of the School of Interdisciplinary Science at McMaster University.
The rubric had four categories, each worth five points for a total
score for overall quality out of 20. Line 1 asked whether the study’s
methods, results, and conclusions were accurately summarized,
while Line 2 asked the same of the rationale, implications, and
limitations. Together, these lines evaluated accuracy. Line 3
assessed the clarity and organization of the writing, and Line 4
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assessed whether it was tailored towards non-expert audiences,
together evaluating accessibility. The statistical significance of the
data was determined using a one-way ANOVA and Tukey Test.
The FRE formula was used to calculate readability of the highest
and lowest scoring lay summaries on the rubric from each
journal, using the total words per sentence and total syllables
per word.'® The numerical scores and the corresponding United
States school grade reading level necessary to understand the
article were determined using the FRE table (Appendix Table A).'¢

RESULTS
eLife, PLOS, PNAS, and Hepatology had mean total rubric
scores of 15.6, 14.7, 132, and 11.7, respectively. Total
scores were significantly different across the four journals
(p<0.0001), and between each journal (p<0.0001) (Figure 1).
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Figure 1. Mean of total scores for each journal using the
LIFESCI 2AA3 rubric. Each of the four categories were scored
out of five, 1 being strongly disagree and 5 being strongly agree. Each
journal received a total score out of 20, which was used to assess
overall quality (accuracy and accessibility). Statistically significant
differences in quality were found across all journals (p<0.0001).

Figure 2A highlights the outlier in the accuracy trend mentioned
above; eLife vs. PLOS show no significant differences in
accuracy (p=0.6134). Of the two, PLOS scored the highest
in accuracy with mean scores of 3.9 and 3.6 out of 5 for Lines
1 and 2, respectively. Additionally, Figure 2B highlights the
outlier in the accessibility trend mentioned above; PNAS vs.
Hepatology show no significant differences in accessibility
(p=0.8752). Of the two, eLife had the highest accessibility
scores of 4.3 and 4.0 out of 5 for Lines 3 and 4, respectively.
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Figure 2. Scatterplot of combined total scores. (A) Lines 1-2
represent accuracy. (B) Lines 3-4 represent accessibility. Each dot
represents an individual lay summary. The median is represented
by the red lines. No statistical significance is indicated by “ns”
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Figure 3. Bar graph with FRE scores for the highest
and lowest scoring lay summaries from each journal.
The highest scoring lay summary was from eLife, which also had
the highest FRE score of 62.0, corresponding to the reading level of
an 8th to 9th grade student (Figure 3). Lay summaries from PLOS,
PNAS, and Hepatology scored between 10.0 and 30.0 on average,
corresponding to university level or higher (Appendix Table 1).

DISCUSSION
Overall Quality
In order to promote effective communication of scientific
research, the quality of lay summaries must be improved, as
demonstrated by the results of this study. eLife had the highest
overall quality, with a mean rubric score that is 1.4 times that
of Hepatology, the lowest scoring journal (Figure 1). As seen
in Figure 1, eLife also had the smallest range of 3.0 for overall
quality, suggesting a greater consistency in scoring across
raters of the three semesters for the journal and its published
lay summaries. Hepatology scored the lowest for accuracy
and overall quality, indicating greater variability in grading.
The differences discovered between journals and eLife’s high rubric
score may be a reflection of the guidelines used to publish their lay
summaries, called eLife digests. eLife collaborates with freelance
writers and science communicators to provide clear and engaging
insights into research.'” Unlike the other journals examined, eLife
has invested resources into researching different approaches to
translate science for general audiences.” eLife digests are typically
200-400 words, and are considered to have an optimal length
by 90% of non-scientist readers, as found in a 2016 eLife digest
reader survey." eLife digests’ high quality scores on the rubric
demonstrate the value of a lay summary writing process with
clear guidelines to produce accurate and accessible lay summaries.

Readability
Asseen in Figure 3, the lowest and highest quality summaries from
eLife had the highest FRE score of 52.0 and 62.0, respectively. This,
along with the faFct that eLife had the highest score for accessibility
and overall quality in this study, suggest that improved readability
may contribute to a higher score on the rubric. The average
assessed lay summary scored at the undergraduate and graduate
level of readability. Thus, many lay summaries may be difficult to
understand for individuals without a higher level of education.
Studies of lay summaries from a similar level of journals



(impact factor higher than 3) have also demonstrated lower FRE
scores. Wen et al. found that while lay summaries published in
Autism Research were significantly more readable than their
corresponding abstracts, the mean FRE score for lay summaries
was 34.39." Shiely and Daly assessed a random sample of lay
summaries from randomised controlled trials from the National
Institute for Health and Care Research and found a mean FRE
score of 42.77. * These findings align with the undergraduate
literacy level requirement found in this investigation. The
restrictive readability illustrates the need for researchers
and editors to adopt more accessible writing techniques.
As shown in Figure 3, the highest scoring summary from
Hepatology on the rubric had a lower FRE score than the
lowest scoring summary. This finding suggests that readability
scores may not always function as an accurate measure of an
individual's comprehension. Studies have found that some
general audiences prefer plain-language summaries of medium
complexity, written for a reading level between 14-17 years.”
Hence, a higher FRE score may not necessarily correspond
to a higher quality lay summary on the rubric. Additionally,
oversimplified lay summaries may not only miscommunicate
findings but may also lead to negative public perception.”

Implications, Limitations and Next Steps
The findings of this study should be used to inform guidelines
for the communication of scientific findings to the public.
The scores obtained from the combined dataset of the three
semesters of students did not differ significantly from that
of each semester alone. Thus, the consistency in gradings for
each journal may support the use of the specially developed
rubric as a standardized guideline for writing lay summaries.
The depth of raters’ evaluations in the study was limited by the
rubric’s design, which featured only four sections to assess accuracy
and accessibility. Free-text feedback and thematic coding could be
used with the rubric to identify nuanced factors and perceptual
differences that may be missed using the current rubric. Readability
measures such as FRE are also limited in the scope of their
evaluation, as the formulas cannot assess other features that affect
areader’s understanding such as headers, visuals, and line spacing.
Future research should assess how a lay summary that is
written in accordance with the rubric in this study alters the
overall comprehension of the text by non-technical audiences.

CONCLUSION
This study explored the overall quality of published lay
summaries across peer-reviewed journals. We found significant
differences in the overall quality between journals. Additionally,
we found differences in readability scores that support the
need to use more inclusive writing techniques in science.
This research can help improve science communication by
supporting guidelines for writing lay summaries across journals.
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APPENDIX
Figure A. LIFESCI 2A A3 lay summary grading rubric.
Does ersummary | Dogs belarsurmary | o aysummarys | S0
the study methods, the study rationale, and logically o tailored to its Total
results and implications and organized? audience and
purpose?
Table 1. Flesch Reading Ease (FRE) Scores.'*
Reading Ease Score Reading Level/Grade Description
90-100 5% Grade Very Easy
80-90 6" Grade Easy
70-80 7" Grade Fairly Easy
60-70 8"and 9" Grade Standard
50 - 60 10" to 12" Grade Fairly Difficult
30-50 College/University Difficult
0-30 Graduate Very Difficult
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