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Conclusiveness, readability 
and textual characteristics of plain 
language summaries from medical 
and non‑medical organizations: 
a cross‑sectional study
Nensi Bralić 1*, Antonija Mijatović 1, Ana Marušić 1 & Ivan Buljan 2

This cross-sectional study compared plain language summaries (PLSs) from medical and non-medical 
organizations regarding conclusiveness, readability and textual characteristics. All Cochrane (medical 
PLSs, n = 8638) and Campbell Collaboration and International Initiative for Impact Evaluation (non-
medical PLSs, n = 163) PLSs of latest versions of systematic reviews published until 10 November 2022 
were analysed. PLSs were classified into three conclusiveness categories (conclusive, inconclusive 
and unclear) using a machine learning tool for medical PLSs and by two experts for non-medical PLSs. 
A higher proportion of non-medical PLSs were conclusive (17.79% vs 8.40%, P < 0.0001), they had 
higher readability (median number of years of education needed to read the text with ease 15.23 
(interquartile range (IQR) 14.35 to 15.96) vs 15.51 (IQR 14.31 to 16.77), P = 0.010), used more words 
(median 603 (IQR 539.50 to 658.50) vs 345 (IQR 202 to 476), P < 0.001). Language analysis showed 
that medical PLSs scored higher for disgust and fear, and non-medical PLSs scored higher for positive 
emotions. The reason for the observed differences between medical and non-medical fields may be 
attributed to the differences in publication methodologies or disciplinary differences. This approach 
to analysing PLSs is crucial for enhancing the overall quality of PLSs and knowledge translation to the 
general public.

Scientific papers, especially in the medical field, are challenging to read, and their readability has decreased 
over time1. To decide on the best medical treatment option, both medical professionals and patients should be 
able to understand the health information presented in scientific studies. However, while medical professionals 
receive training in research methodology and can understand complex medical terms, most patients lack that 
ability, impeding their involvement in shared decision-making. Even though it is imperative that people without 
medical education have easy access to health information2, several studies have shown that health information 
is often displayed below the patient’s readability level3–7. The American Medical Association recommends that 
health-related information for patients should be written at or below a 6th grade reading level8, and it has been 
shown that better-written scientific texts result in higher readability and greater comprehension9. Kurtzman and 
Greene10 have shown that low-complexity formats can improve patients’ decision-making, which can be achieved 
using non-technical language and evaluative elements, presenting numerical information in a way that follows 
the number line (i.e. greater number for more desirable outcomes) and placing them in context.

The volume of evidence in the medical field is increasing exponentially on a daily basis, making it challeng-
ing to keep up with the newest discoveries, both by medical professionals and patients11. One way to tackle this 
problem is the development of systematic reviews. Systematic reviews comprehensively analyse the existing 
evidence for a particular topic, reduce bias, provide strength of evidence assessment, and identify research gaps12.

Furthermore, health-related issues have both medical and societal implications, and while they can affect 
an individual’s health and well-being, they can also impact society as a whole. Health-related issues concern-
ing society include the economic strain on the healthcare system, effectiveness of legal policies, inequalities in 
access to healthcare, productivity of the healthcare workers and many more topics which are not direct health 
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questions and, therefore, may not be covered by a Cochrane systematic review. However, other organizations, 
like Campbell Collaboration and International Initiative for Impact Evaluation (3ie), develop systematic reviews 
and plain language summaries in the social science area13–15.

Organizations dedicated to producing high-quality systematic reviews, such as Cochrane, Campbell Col-
laboration and International Initiative for Impact Evaluation (3ie), work intensively on presenting their results 
comprehensively to the general public16–20. One of the formats used for presenting research study results is the 
plain language summary (PLS), a summary of the review’s findings written using non-scientific language aimed 
at the lay audience21. Both Cochrane and Campbell Collaborations provide guidance for authors writing a PLS 
for their systematic review, with the target audience being people without any knowledge of systematic reviews 
or their topics20,22.

Although the readability of Cochrane PLSs is better than that of scientific abstracts written for medical 
experts23, there is room for improvement as the readability levels are still high above the recommended 6th 
grade readability level24. While there are studies assessing the readability of Cochrane systematic review PLSs, 
there is a lack of such evidence for PLSs published by organizations publishing primarily systematic reviews on 
social science topics. Stricker et al.25 evaluated the readability of PLSs published in two psychology journals, 
showing that around 17 years of education is needed to understand them. However, they did not specifically 
include PLSs for systematic reviews.

PLSs serve as a link between the complexities of specialized research studies and the lay audience, making 
them a critical component of knowledge translation. Conclusiveness of PLSs is critical in this regard, as conclu-
sive systematic reviews give straightforward answers about the effectiveness of the therapy26. The potential of 
PLSs to deliver decisive information not only allows a larger audience to connect with scientific material but also 
impacts decision-making processes at numerous levels27. Several studies assessed the conclusiveness of Cochrane 
systematic reviews28–31 and their PLSs32 and found that many reviews and PLSs were inconclusive or had unclear 
conclusions. However, these studies used a smaller sample size, focused on a single medical field and the coding 
process was done step-by-step by reviewers, not by utilising technology.

Other important aspects of textual information are its language characteristics, such as emotion and attitude 
expressed by the author, sentiment of the text and different aspects of the linguistic style, which were shown 
to impact how individuals perceive its contents33. It has been shown that readers’ subjective experiences when 
processing information determine whether they perceive it as accurate, enjoy it, or have confidence in it34. 
Additionally, language characteristics of the text can induce different emotions and influence how individuals 
respond and engage with given information35, and detecting various language characteristics related to clarity 
and comprehension of a text can serve as a foundation for evidence-based recommendations for increasing the 
readability and accessibility of scientific communication materials, which can, in turn, advance the overall idea 
of encouraging public engagement in scientific research and informed decision-making.

Perković Paloš et al.36 compared linguistic and semantic characteristics of articles from social sciences and 
medicine, showing differences in the word count, clout and tone between the disciplines. However, to our knowl-
edge, no studies have assessed the conclusiveness, readability and language characteristics of PLSs published by 
non-medical organizations (non-medical PLSs) or compared them to PLSs published by medical organizations 
(medical PLSs). Our study aimed to explore differences in those outcomes among those PLSs, thus addressing 
the gap in the literature. By comparing these PLSs, we aimed to gain insight into how scientific information is 
delivered to different individuals, how this affects the understanding and engagement with the information, as 
well as the decision-making process. Furthermore, recognizing the linguistic distinctions between PLSs published 
by medical and non-medical organizations can have far-reaching implications for health communication and 
knowledge translation.

Results
The four included organizations published a total of 9476 systematic reviews, of which 9209 were from medi-
cal (8928 by Cochrane and 281 by Norwegian Institute of Public Health (NIPH)) and 267 from non-medical 
organizations (220 by Campbell Collaboration and 47 by 3ie).

Out of 8928 latest published versions of Cochrane systematic reviews, 425 were withdrawn, and 29 had no 
PLS, resulting in a total of 8474 Cochrane PLSs included in the analysis. NIPH published 281 systematic reviews, 
of which 32 were in English, and only one had a PLS, which was excluded from the analysis due to sample size 
disparity and possible sample size bias. Campbell Collaboration published 220 systematic reviews, and 68 had 
no PLS, resulting in 152 PLSs included in the analysis. 3ie published 47 systematic reviews, and 11 had PLSs, 
which were included in the analysis.

In the end, 8637 PLSs were included in the analysis (8474 from medical and 163 from non-medical organiza-
tions) (Fig. 1).

Conclusiveness
Medical PLSs were largely unclear (62.1%), followed by inconclusive (29.6%) and conclusive (8.4%) conclu-
sions. Non-medical PLSs, on the other hand, were mostly inconclusive (56.4%), followed by unclear (25.8%) 
and conclusive (17.8%) conclusions.

Readability
Non-medical PLSs had significantly lower readability levels (i.e. high SMOG scores) compared to medical PLSs 
(P = 0.010). The median SMOG index score for medical PLSs was 15.51 (95% CI 15.47 to 15.58), whereas the 
median score for non-medical PLSs was 15.22 (95% CI 14.94 to 15.50). SMOG index score for each conclusive-
ness category is presented in Supplementary Table S2.
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Language characteristics
Non-medical PLSs were significantly longer than medical PLSs. Additionally, non-medical PLSs scored higher 
for clout (P = 0.041) and emotional tone (P < 0.001) (Supplementary Tables S5 and S7). There was no difference 
in the scores for analytical tone between the groups, but medical PLSs with unclear conclusiveness scored lower 
than other medical PLSs (Supplementary Table S4) (Fig. 2). Conclusive non-medical PLSs had a significantly 
higher score for ‘clout’ (P = 0.041) and ‘authenticity’ (P = 0.010) than conclusive medical PLSs. Also, inconclusive 
medical PLSs scored higher for clout, and conclusive medical PLSs scored higher for authenticity than other 
medical PLSs (Supplementary Tables S5 and S6).

Linguistic analysis
Non-medical PLSs scored higher for both positive and negative sentiments compared to medical PLSs. Also, 
non-medical PLSs had a higher presence of emotions such as anger, anticipation, joy, surprise, and trust, while 
medical PLSs scored higher for disgust and fear (Fig. 3).

The logistic model showed multiple characteristics predicting whether a PLS is medical or non-medical 
(Table 1). PLSs with a lower SMOG index (OR = 0.808; 95% CI 0.721 to 0.905; P < 0.001) were more likely to be 
non-medical, as well as PLSs with higher word count (OR = 1.005; 95% CI 1.003 to 1.006; P < 0.001), although the 
difference was practically not relevant. Additionally, higher scores for analytic tone and emotions such as anger, 
trust and positive sentiment were associated with non-medical PLSs, whereas disgust, fear and joy predicted 
medical PLSs. Nine factors were included in the logistic regression, describing 36.9% of the variance.

Discussion
Our cross-sectional, methodological study showed significant differences between medical and non-medical PLSs 
regarding conclusiveness, readability and textual characteristics. Non-medical PLSs were more conclusive, and 
although both groups had readability levels significantly above the recommended 6th grade level, non-medical 
PLSs had greater readability than medical PLSs but were written with significantly more words.

The difference in conclusiveness might originate from the different objectives of the two research fields, as the 
medical field often deals with life-and-death decisions and human body variability regarding genetics, treatment 

Figure 1.   Selection of plain language summaries. SR: systematic review; NIPH: Norwegian Institute of Public 
Health; 3ie: International Initiative for Impact Evaluation; PLS: plain language summary.
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Figure 2.   Proportion of specific linguistic characteristics within the PLSs by research domain. Error bars 
indicate 95% confidence intervals.

Figure 3.   Sentiment analysis of the PLSs from medical and non-medical research fields.
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response and disease progression. For that reason, researchers from the medical field might be more careful and 
reserved when making conclusions about a particular treatment option. Additionally, lower conclusiveness in 
medical PLSs should not always be considered a weakness, as it might simply be an accurate representation of 
the current state of medical evidence. These findings align with other studies that found low conclusiveness in 
Cochrane Reviews28–31 as well as their PLSs32. The overall lack of studies assessing the conclusiveness of non-
medical PLSs was addressed in our study and, together with the application of machine learning tool, presents 
a strength of the study.

The observed difference in the word count between the two categories of PLSs may indicate different com-
munication strategies, with non-medical PLSs prioritising comprehensive explanations and using words to ensure 
clarity and completeness. In contrast, medical PLSs might focus on conciseness without overwhelming the 
reader. Another possible explanation could be that non-medical PLSs were more heterogeneous or measured 
more outcomes compared to medical PLSs.

There was also a difference between Cochrane and Campbell guidelines regarding the recommended word 
limits for their PLSs20,22. Cochrane advises that the PLSs be written within 400 to 850 words, while Campbell 
suggests a target length of 600 to 750 words. A qualitative analysis is needed to determine the reasons for the 
word count discrepancy, which should be considered in future studies.

Regarding linguistic characteristics, non-medical PLSs had higher scores for LIWC dimensions clout, emo-
tional tone, anger, anticipation, joy, surprise and trust. In comparison, medical PLSs had higher scores for fear and 
disgust. These results indicate that non-medical PLSs contain more words and phrases that reflect confidence and 
social influence. Still, there was also a higher presence of emotional and affective words and phrases indicating 
positive or negative emotions. Further research is needed to determine the most engaging tone and simplifica-
tion of the PLSs for the readers. The potential for development possibly lies in the use of language models such 
as ChatGPT (https://​chat.​openai.​com/) or BERT (https://​doi.​org/​10.​48550/​arXiv.​1810.​04805), for which it is 
expected to be more incorporated into everyday life in the future.

Additionally, non-medical PLSs contained more words and phrases that convey a sense of having a positive 
outlook towards the future, as well as a sense of astonishment and faith in someone or something. Medical PLSs, 
on the other hand, contained more words associated with anxiety and expressions of fear, as well as words that 
suggest strong aversion and distaste. This could be due to the fact that medical PLSs contain more words associ-
ated with the words pain and disease, which could contribute to the difference in the level of negative emotions. 
Still, the presence of those words cannot explain the greater prevalence of positive words. The recommendation 
for future studies is to employ a large-scale qualitative analysis approach to make a firmer conclusion.

Although non-medical PLSs had statistically higher readability than medical PLSs, both were still written 
significantly above the recommended 6th grade reading level8. The aim of PLSs is to present advanced constructs 
to the end-users who do not necessarily have the knowledge to comprehend the complete research article37, and 
maintaining the readability level at or below the 6th grade standard is critical to avoid excluding a large propor-
tion of the intended audience. These findings align with studies by Banić et al.32 and Karačić et al.24, which also 
found that around 15 years of education was needed to comprehend a Cochrane PLS. Moreover, when simplifying 
language in PLSs, writers should be careful not to change the conclusions of the PLSs, so further study is needed 
on whether downgrading the reading levels creates changes in the quality of the message in a PLS.

Our results should be interpreted in view of several limitations. The first relates to the difference in the 
number of PLSs in each group. Cochrane is the most prominent organization publishing PLSs for systematic 
reviews in the field of medicine, and PLSs are mandatory for all systematic reviews in the Cochrane Database of 
Systematic Reviews38. Other scientific fields have not yet systematically adopted this practice. Since the medical 
field contributes the majority of systematic reviews nowadays, this could explain the significant difference in the 
number of published PLSs between the two groups.

Another limitation is the fact that we originally used the machine learning tool for the classification of 
conclusiveness for both medical and non-medical PLSs. However, after double-checking the output, we found 
the tool to be imprecise for non-medical PLSs. This could be because the machine learning tool was trained on 
medical texts, making it imprecise in determining the conclusiveness of the non-medical PLSs. Therefore, to 
mitigate the introduction of potential biases and ensure accuracy, non-medical PLSs were classified by hand by 

Table 1.   Logistic regression model of characteristics predicting the criteria (medical field vs non-medical 
field). Type level ‘Non-medical’ coded as class 1, and ‘Medical’ as class 0. OR odds ratio, CI confidence interval. 
McFadden R2—0.369.

Variables OR (95% CI) P-value

SMOG index 0.808 (0.721 to 0.905)  < 0.001

Word count 1.005 (1.003 to 1.006)  < 0.001

Analytic tone 1.074 (1.040 to 1.109)  < 0.001

Anger 1.673 (1.477 to 1.895)  < 0.001

Disgust 0.698 (0.609 to 0.800)  < 0.001

Fear 0.617 (0.562 to 0.677)  < 0.001

Joy 0.873 (0.789 to 0.966) 0.009

Trust 1.204 (1.120 to 1.293)  < 0.001

Positive sentiment 1.102 (1.047 to 1.161)  < 0.001

https://chat.openai.com/
https://doi.org/10.48550/arXiv.1810.04805
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one author and verified by the second author. Also, we classified PLSs into medical and non-medical categories 
solely based on the organization that published them. This might not be entirely correct as Campbell Collabora-
tion and 3ie occasionally publish systematic reviews dealing with medical topics. Topics most covered by non-
medical organizations include social and behavioural interventions, societal issues and policies, workplace safety 
and efficiency, educational interventions, well-being and social services, and criminal justice and enforcement.

Our study focused only on the characteristics of the PLSs. Future studies could explore how the readability of 
PLS could impact health literacy outcomes for different population members. Also, future studies could assess 
how the quality and readability of PLSs affect an individual’s healthcare decision and include the perspectives of 
the target audiences to enhance the accessibility of research findings.

In conclusion, there are differences between medical and non-medical PLSs regarding conclusiveness, word 
count, readability and textual characteristics, and the reason for these differences is still unknown. However, they 
may be attributed to the differences in publication methodologies or disciplinary differences. Both medical and 
non-medical PLSs are still written below the recommended readability level, which could contribute to limited 
comprehension, the spread of misinformation and the exclusion of a part of the target audience. It is a question 
of whether the recommended level of reading ease is possible without changing the conclusions. Future studies 
could explore the role of large language models in writing messages for the public to save time and resources 
and improve their readability. Overall, our study might have important implications for PLS readers by assist-
ing in increasing comprehension of and engagement with the scientific information, as well as improving their 
decision-making abilities.

Methods
Aim
This study aimed to compare the conclusiveness, readability, and textual characteristics of PLSs between medical 
and non-medical (social) organizations.

Study design, settings, and eligible summaries
In our cross-sectional, methodological, research-on-research study, we included all medical PLSs of the latest 
versions of systematic reviews in the English language published by the Cochrane and the Norwegian Institute 
of Public Health (NIPH), and non-medical PLSs from the Campbell Collaboration and the International Initia-
tive for Impact Evaluation (3ie) from inception until 10 November 2022. Systematic reviews that used Cochrane 
methodology but were not Cochrane systematic reviews published in the Cochrane Library were not included. 
The protocol for this study was registered on the Open Science Framework prior to study commencement 
(https://​osf.​io/​2kvs3). We planned to include PLSs from two more organizations (Joanna Briggs Institute and 
Evidence for Policy and Practice Information and Co-ordinating Centre). However, during the data collection 
phase, we discovered that those organizations have not yet published PLSs for their systematic reviews.

Data collection
An electronic mail was sent to the representatives of all six included organizations asking for all PLSs of their 
published systematic reviews. We received two replies. A representative of the Joanna Briggs Institute informed 
us that their organization does not publish PLSs, and a representative from Cochrane instructed us to submit 
our request via the data request form on their web page. We used the web-scraping method through rvest39 and 
tidyverse40 packages in R software version 4.2.1. (R Core Team, 2020)41 to retrieve titles, links, and publication 
dates of systematic reviews from the Campbell Collaboration (https://​www.​campb​ellco​llabo​ration.​org/), NIPH 
(https://​www.​fhi.​no/) and 3ie (https://​www.​3ieim​pact.​org/) web pages. The PLSs from the Campbell Collabora-
tion were retrieved using web-scraping, while those from the NIPH and 3ie were retrieved manually. Cochrane 
PLSs were retrieved using the “Export selected citation(s)” option in Cochrane Library, and titles, links, pub-
lication dates and PLSs were extracted from the citations using R package stringr42. We followed the STROBE 
guidelines for reporting (Supplementary Table S19).

Outcomes
Conclusiveness
PLSs were classified as conclusive, inconclusive or unclear using the fine-tuned large language model based on 
SciBERT, a pre-trained language model for scientific text43, which we validated and trained on medical PLSs32. A 
large language model was used to enhance efficiency and ensure consistency by minimizing human error. After 
double-checking model inputs for non-medical PLSs, we found it inaccurate in classifying non-medical PLSs. 
Therefore, for the non-medical PLSs, one author rated the conclusiveness, while the other author verified this 
rating according to the three conclusiveness categories:

1.	 Conclusive

•	 Positive—There is moderate or high-quality evidence indicating the effectiveness or safety.
•	 Negative—There is moderate or high-quality evidence indicating that the intervention is ineffective or 

harmful.
•	 Equal—The interventions analysed were equally effective and safe.

2.	 Inconclusive

•	 Positive inconclusive—There is evidence suggesting effectiveness or safety, but it is of low quality or 
inconclusive, and the authors suggest that more research is needed.

https://osf.io/2kvs3
https://www.campbellcollaboration.org/
https://www.fhi.no/
https://www.3ieimpact.org/
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•	 Negative inconclusive—There is evidence of ineffectiveness or harm (evidence demonstrating that there 
was no effect or that the intervention was not safe) or authors urged against the intervention or com-
parison, or it is not recommended; however, the evidence is of low quality or inconclusive, or authors 
state that more research is needed.

•	 Equal inconclusive—The interventions appear to be similarly effective and safe, but the evidence is of 
lower quality or inconclusive, and the authors suggest that more research is needed.

3.	 Unclear

•	 No evidence—There is no evidence as the search did not retrieve any randomized controlled trials, i.e. 
empty reviews.

•	 No opinion—The authors did not offer any opinion or judgment.
•	 Unclear—The authors did not give a clear conclusion.

Readability
Readability was assessed in R, using the Simple Measure of Gobbledygook (SMOG) index readability score44. 
The SMOG index measures how many years of education are needed for an average person to comprehend the 
text. The American Medical Association recommends that written materials with health information for patients 
should be written at or below the 6th grade reading level8.

Language characteristics
Linguistic Inquiry and Word Count (LIWC) text analysis software was used to analyze the textual characteristics 
of PLSs. Aside from the word count for each PLS, LIWC calculates the percentage of words in the PLSs that 
match different dictionary categories (Analytical tone, Clout, Authenticity and Emotional tone). The analytical 
tone variable indicates an objective writing style, with higher scores implying the text was written more formally, 
rationally and hierarchically. The clout variable is associated with confidence and assertiveness, with lower scores 
indicating a more hesitant text tone. A higher authenticity score suggests the use of more first-person pronouns, 
singular forms, present tense verbs and relativity terms. Additionally, when the text projects more positive 
emotions, the emotional tone score rises. Sentiment analysis was done using LIWC and the syuzhet package in 
R45. The get_NRC_sentiment function in the syuzhet package acts as a dictionary-based sentiment analysis tool, 
providing scores on eight different emotion categories associated with the text as well as positive and negative 
valence. The function counts words found in the NRC’s lexicon for each category. Emotional categories included 
anger, anticipation, disgust, fear, joy, sadness, surprise and trust.

Statistical analysis
We presented the data on conclusiveness as frequencies and percentages. Numerical data were checked for nor-
mality using the Shapiro–Wilk test and presented as medians with 95% confidence intervals. SMOG index was 
presented as a median with 95% CI. LIWC variables were described as scores from 0 to 100, which indicates the 
percentage of the words in a given text related to a specific LIWC category.

Chi-squared test was used to compare the scores on conclusiveness within groups, as well as within conclu-
siveness categories. Mann–Whitney test was used to test the differences in the scores for the SMOG index, LIWC 
variables and sentiment analysis variables between the groups. Kruskal-Walls test was used to test the differences 
in the scores between the three conclusiveness categories.

A logistic regression model was created using a stepwise method, including the most significant variables as 
predictors of the criteria (medical field vs non-medical field). The regression results were presented with odds 
ratios (ORs), 95% confidence intervals and McFadden R2. All analyses were performed using MedCalc software, 
version 20.027 (MedCalc Software, Ostend, Belgium).

Preregistration
This study has been registered on the Open Science Framework prior to study commencement (https://​osf.​io/​
2kvs3).

Data availability
Raw data for this study is available on the OSF platform (https://​osf.​io/​ugfvd).
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References
	 1.	 Plavén-Sigray, P., Matheson, G. J., Schiffler, B. C. & Thompson, W. H. The readability of scientific texts is decreasing over time. 

Elife 6, e27725 (2017).
	 2.	 Kim, H. & Xie, B. Health literacy in the eHealth era: A systematic review of the literature. Patient Educ. Couns. 100, 1073–1082 

(2017).
	 3.	 Pearson, K. et al. Online patient education materials related to lipoprotein(a): Readability assessment. J. Med. Internet Res. 24, 

e31284 (2022).
	 4.	 Bachu, V. S. et al. COVID-19 health information on google: A QUEST cross-sectional quality and readability analysis (preprint). 

JMIR Form. Res. https://​doi.​org/​10.​2196/​32443 (2021).
	 5.	 Shneyderman, M., Snow, G. E., Davis, R., Best, S. & Akst, L. M. Readability of online materials related to vocal cord leukoplakia. 

OTO Open 5, 2473974X2110326 (2021).

https://osf.io/2kvs3
https://osf.io/2kvs3
https://osf.io/ugfvd
https://doi.org/10.2196/32443


8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:6016  | https://doi.org/10.1038/s41598-024-56727-6

www.nature.com/scientificreports/

	 6.	 Szmuda, T. et al. Readability of online patient education material for the novel coronavirus disease (COVID-19): A cross-sectional 
health literacy study. Public Health 185, 21–25 (2020).

	 7.	 Kondilis, B. K., Akrivos, P. D., Sardi, T. A., Soteriades, E. S. & Falagas, M. E. Readability levels of health pamphlets distributed in 
hospitals and health centres in Athens, Greece. Public Health 124, 547–552 (2010).

	 8.	 Weiss, B. D. Health Literacy and Patient Safety: Help Patients Understand. Manual for Clinicians 2nd edn. (American Medical 
Association Foundation, 2007).

	 9.	 Freeling, B. S., Doubleday, Z. A., Dry, M. J., Semmler, C. & Connell, S. D. Better writing in scientific publications builds reader 
confidence and understanding. Front. Psychol. 12, 714321 (2021).

	10.	 Kurtzman, E. T. & Greene, J. Effective presentation of health care performance information for consumer decision making: A 
systematic review. Patient Educ. Couns. 99, 36–43 (2016).

	11.	 Kelly, S. The continuing evolution of publishing in the biological sciences. Biol. Open 7, bio037325 (2018).
	12.	 Egger, M., Smith, G. D. & Altman, D. G. Systematic Reviews in Health Care: Meta-Analysis in Context (Wiley, 2001). https://​doi.​

org/​10.​1002/​97804​70693​926.
	13.	 The Cochrane Collaboration. Standards for the reporting of Plain language summaries in new Cochrane Intervention Reviews 

2013. (2013).
	14.	 Better evidence for a better world. Campbell Collaboration https://​www.​campb​ellco​llabo​ration.​org/​better-​evide​nce.​html.
	15.	 Systematic reviews. International Initiative for Impact Evaluation https://​www.​3ieim​pact.​org/​evide​nce-​hub/​publi​catio​ns/​syste​

matic-​revie​ws.
	16.	 Glenton, C. How to Write a Plain Language Summary of a Cochrane Intervention Review. https://​www.​cochr​ane.​no/​sites/​cochr​ane.​

no/​files/​uploa​ds/​how_​to_​write_a_​cochr​ane_​pls_​12th_​febru​ary_​2019.​pdf (2019).
	17.	 Lasserson, T., Santesso, N., Cumpston, M., Marshall, R. & Ní Ógáin, O. Incorporating GRADE in Cochrane Reviews: Feedback from 

the CEU Screening Programme. https://​train​ing.​cochr​ane.​org/​uploa​ds/​resou​rces/​downl​oadab​le_​resou​rces/​Engli​sh/​Incor​porat​ing%​
20GRA​DE%​20in%​20Coc​hrane%​20Rev​iews%​20PDF.​pdf (2013).

	18.	 Cochrane’s Plain Language Summary Project - please help us user test a new Plain language summary template. Cochrane Com-
munity https://​commu​nity.​cochr​ane.​org/​news/​cochr​anes-​plain-​langu​age-​summa​ry-​proje​ct-​please-​help-​us-​user-​test-​new-​plain-​
langu​age-​summa​ry-​templ​ate (2021).

	19.	 Young, S. Adding evidence from Campbell reviews to Wikipedia. Campbell Collaboration https://​www.​campb​ellco​llabo​ration.​org/​
blog/​campb​ell-​on-​wikip​edia.​html (2020).

	20.	 The Steering Group of the Campbell Collaboration. How to Write a Plain Language Summary for a Campbell Systematic Review. 
https://​core.​ac.​uk/​downl​oad/​pdf/​52568​807.​pdf (2016).

	21.	 Higgins, J., Lasserson, T., Thomas, J., Flemyng, E. & Churchill, R. Methodological Expectations of Cochrane Intervention Reviews. 
(2023).

	22.	 Pitcher, N., Mitchell, D. & Hughes, C. Template and guidance for writing a Cochrane Plain language summary. (2022).
	23.	 Šuto, J., Marušić, A. & Buljan, I. Linguistic analysis of plain language summaries and corresponding scientific summaries of 

cochrane systematic reviews about oncology interventions. Cancer Med. 12, 10950–10960 (2023).
	24.	 Karačić, J., Dondio, P., Buljan, I., Hren, D. & Marušić, A. Languages for different health information readers: Multitrait-multi-

method content analysis of cochrane systematic reviews textual summary formats. BMC Med. Res. Methodol. 19, 75 (2019).
	25.	 Stricker, J., Chasiotis, A., Kerwer, M. & Günther, A. Scientific abstracts and plain language summaries in psychology: A comparison 

based on readability indices. PLoS ONE 15, e0231160 (2020).
	26.	 Rosenberg, A., Walker, J., Griffiths, S. & Jenkins, R. Plain language summaries: Enabling increased diversity, equity, inclusion and 

accessibility in scholarly publishing. Learn. Publ. 36, 109–118 (2023).
	27.	 Stoll, M., Kerwer, M., Lieb, K. & Chasiotis, A. Plain language summaries: A systematic review of theory, guidelines and empirical 

research. PLoS ONE 17, e0268789 (2022).
	28.	 Mandel, D., Littner, Y., Mimouni, F. & Lubetzky, R. Conclusiveness of the cochrane neonatal reviews: A systematic analysis. Acta 

Paediatr. 95, 1209–1212 (2006).
	29.	 Momosaki, R. et al. Conclusiveness of cochrane reviews in physiotherapy: A systematic search and analytical review. Int. J. Rehabil. 

Res. 42, 97–105 (2019).
	30.	 Cohen, S., Mandel, D., Mimouni, F. B., Marom, R. & Lubetzky, R. Conclusiveness of the cochrane reviews in nutrition: A systematic 

analysis. Eur. J. Clin. Nutr. 68, 143–145 (2014).
	31.	 Zhang, X. et al. Conclusiveness of the cochrane reviews in palliative and supportive care for cancer: A systematic analysis. Am. J. 

Hosp. Palliat. Med. 34, 53–56 (2017).
	32.	 Banić, A. et al. Conclusiveness, linguistic characteristics and readability of Cochrane plain language summaries of intervention 

reviews: a cross-sectional study. BMC Med. Res. Methodol. 22, 240 (2022).
	33.	 Tausczik, Y. & Pennebaker, J. The psychological meaning of words: LIWC and computerized text analysis methods. J. Lang. Soc. 

Psychol. 29, 24–54 (2010).
	34.	 Alter, A. L. & Oppenheimer, D. M. Uniting the tribes of fluency to form a metacognitive nation. Personal. Soc. Psychol. Rev. 13, 

219–235 (2009).
	35.	 Denecke, K. & Deng, Y. Sentiment analysis in medical settings: New opportunities and challenges. Artif. Intell. Med. 64, 17–27 

(2015).
	36.	 PerkovićPaloš, A. et al. Linguistic and semantic characteristics of articles and peer review reports in Social Sciences and Medical 

and Health Sciences: Analysis of articles published in Open Research Central. Scientometrics 128, 4707–4729 (2023).
	37.	 Santesso, N., Glenton, C. & Lang, B. Evidence that patients can understand and use?. Z Für Evidenz Fortbild. Qual. Im Gesund-

heitswesen 102, 493–496 (2008).
	38.	 Higgins, J. P. T. et al. Cochrane Handbook for Systematic Reviews of Interventions (Wiley, 2019).
	39.	 Wickham, H. Rvest: Easily Harvest (Scrape) Web Pages. (2022).
	40.	 Wickham, H. et al. Welcome to the tidyverse. J Open Source Softw 4, 1686 (2019).
	41.	 R Core Team. R: A Language and Environment for Statistical Computing. (R Foundation for Statistical Computing, 2021).
	42.	 Wickham, H. Stringr: Simple, Consistent Wrappers for Common String Operations. (2022).
	43.	 Mijatović, A., Ursić, L., Buljan, I. & Marušić, A. A pretrained language model for classification of cochrane plain languages 

summaries on conclusiveness of recommendations. In Abstracts accepted for the 27th Cochrane Colloquium, London, UK 36464 
(Cochrane Database of Systematic Reviews, 2023) https://​doi.​org/​10.​1002/​14651​858.​CD202​301.

	44.	 Mc Laughlin, G. H. SMOG grading—a new readability formula. J. Read. 12, 639–646 (1969).
	45.	 Jockers, M. L. Syuzhet: Extract Sentiment and Plot Arcs from Text. (2015).

Author contributions
N.B. and I.B. developed the study protocol. N.B. and A.M. curated the data. N.B., A.M., A. Mar. and I.B. analysed 
the data. N.B. drafted the article. A.M., A.Mar. and I.B. critically reviewed the article. All authors have approved 
the final version of the manuscript.

https://doi.org/10.1002/9780470693926
https://doi.org/10.1002/9780470693926
https://www.campbellcollaboration.org/better-evidence.html
https://www.3ieimpact.org/evidence-hub/publications/systematic-reviews
https://www.3ieimpact.org/evidence-hub/publications/systematic-reviews
https://www.cochrane.no/sites/cochrane.no/files/uploads/how_to_write_a_cochrane_pls_12th_february_2019.pdf
https://www.cochrane.no/sites/cochrane.no/files/uploads/how_to_write_a_cochrane_pls_12th_february_2019.pdf
https://training.cochrane.org/uploads/resources/downloadable_resources/English/Incorporating%20GRADE%20in%20Cochrane%20Reviews%20PDF.pdf
https://training.cochrane.org/uploads/resources/downloadable_resources/English/Incorporating%20GRADE%20in%20Cochrane%20Reviews%20PDF.pdf
https://community.cochrane.org/news/cochranes-plain-language-summary-project-please-help-us-user-test-new-plain-language-summary-template
https://community.cochrane.org/news/cochranes-plain-language-summary-project-please-help-us-user-test-new-plain-language-summary-template
https://www.campbellcollaboration.org/blog/campbell-on-wikipedia.html
https://www.campbellcollaboration.org/blog/campbell-on-wikipedia.html
https://core.ac.uk/download/pdf/52568807.pdf
https://doi.org/10.1002/14651858.CD202301


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:6016  | https://doi.org/10.1038/s41598-024-56727-6

www.nature.com/scientificreports/

Funding
This study was funded by the Croatian Science Foundation (“Professionalism in Health-Decision making in 
practice and research, ProDeM”) under Grant Agreement No. IP-2019-04-4882. The funder had no role in the 
design of this study, its execution, analyses, interpretation of the data, or decision to submit results.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​024-​56727-6.

Correspondence and requests for materials should be addressed to N.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-024-56727-6
https://doi.org/10.1038/s41598-024-56727-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Conclusiveness, readability and textual characteristics of plain language summaries from medical and non-medical organizations: a cross-sectional study
	Results
	Conclusiveness
	Readability
	Language characteristics
	Linguistic analysis

	Discussion
	Methods
	Aim
	Study design, settings, and eligible summaries
	Data collection
	Outcomes
	Conclusiveness

	Readability
	Language characteristics
	Statistical analysis
	Preregistration

	References


