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1 INTRODUCTION

1.1 The Importance of Health-Related Research Findings

Health-related research findings play an essential role in understanding numerous elements of
health and well-being. As such, they contribute significantly to advancing medical knowledge
by abetting the discovery of disease mechanisms, identifying risk factors, and investigating
new treatment options to improve treatment outcomes. Fundamentally, health-related
information functions as an educational tool for their end-users, raising awareness towards
various medical topics (1). With the expansion of the evidence-based medicine movement,
patient inclusion, and open science initiatives, individuals now have better access to reliable
health-related information, allowing them to take control of their health by making educated
choices and implement particular preventative steps to reduce health risks (2,3). Access to
reliable health-related information improves patient’s health literacy, allowing them to fully
comprehend health-related research findings and engage in meaningful patient-provider
interactions (4). Furthermore, communicating health-related research findings with a larger
audience is critical for addressing crucial public health concerns, increasing community well-

being, and reacting to global health challenges (5).

1.2 Evidence-Based Medicine and Informed Decision-Making

The founder of Cochrane, Archibald Cochrane, pointed out once that throughout time, almost
all patient-related medical decisions were made solely by a healthcare provider who based
their decision either on the opinions of experienced senior colleagues, a random selection of
information from variable literature or simply through trial and error (6). It was not until the
1990s that a new movement emerged with the aim of developing guidelines for clinical
practice grounded on empirical data while placing a focus on the critical evaluation of the
existing evidence (7). Evidence-based medicine (EBM) integrates three aspects to improve
healthcare decisions. Currently best available evidence, along with the healthcare worker’s
clinical expertise and the values of the patient, are combined to make the best decision for the
patient’s health. Implementing EBM into practice entails five steps. One must first outline a
clinically relevant question before searching for the best available evidence. Furthermore, the
evidence must be critically appraised to determine if the evidence relates to the patient in
question. After finding the best-known and relevant evidence, healthcare workers can consult

with the patient and apply the evidence to treat them (8).
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1.3 Levels of Evidence

In the context of evidence-based medicine, not all evidence is created equal. To be more
precise, not all study designs provide an equal strength of evidence. The way a study is
designed can inadvertently lead to the introduction of bias when interpreting the results,
making them weaker and less reliable. Bias in studies can compromise validity, promote
misinterpretation, and restrict the generalizability of the results (9). In the late 1970s, the
Canadian Task Force on the Periodic Health Examination proposed a hierarchy of evidence
presented as a “pyramid of evidence” (10). At the top of the pyramid were systematic reviews
(SRs) with meta-analyses and randomized controlled trials (RCTs), which provide the highest
level of evidence as they were designed to minimize the introduction of bias (by randomizing
and blinding the participants, controlling conditions, and synthesizing evidence). In the
middle of the pyramid are longitudinal and cross-sectional observational studies, while case

studies and case series were placed at the bottom (Figure 1) (11).
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Figure 1. Pyramid of evidence.
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1.4 Challenges in Interpreting Health-Related Research Findings

Interpreting medical research findings can be challenging for multiple reasons, which may
affect their validity, reliability, and generalizability. Some of the main reasons are listed

below.

1) Low readability: Health-related research findings are among the most complicated
texts a person can come upon (12). Several studies assessing the readability of online
health information aimed at patients have shown that more than 12 to 15 years of
education was required for a layperson to be able to understand the text easily (13,14),

and the readability of scientific texts has only decreased over time (15).

2) Conflicting evidence: Furthermore, with an exponential rise in the number of new
studies published daily, it became common to have conflicting evidence regarding a
particular topic. It can happen for different reasons, such as differences in study
designs, sample sizes, inclusion criteria, measurement tools, and other factors. It could
become problematic for any stakeholder in the healthcare system to draw definitive

conclusions from such studies (16).

3) Statistical vs. clinical significance: Another challenge in interpreting health-related
research findings is distinguishing between statistical and clinical significance (17). A
great example would be a hypothetical study comparing a new hypertension
medication to the gold standard. The data may show that the new drug lowers systolic
blood pressure by 2 mmHg compared to the control, which might be statistically
significant. However, a 2 mmHg drop in systolic blood pressure is unlikely to result in
a meaningful improvement in the patient’s symptoms, which makes it clinically

insignificant.

4) Generalizability: Health-related research findings cannot always be generalized to all
populations, settings, and contexts. The underlying principle behind any study
conducted on people is to draw conclusions about the population based on data from a
smaller sample of participants, as sampling the whole population is often impractical.
However, in order to generalize the findings to the wider population, the study sample
must be representative of the target population in every characteristic that might
influence the outcome (18). For example, if only adult male participants were

included in the study, its results could not be generalized to women or children, as
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those groups differ in developmental, biological, cognitive, and behavioral

characteristics.

5) Publication bias: Another important challenge to interpreting research findings and
making informed decisions stems from publication bias. Publication bias occurs when
it is easier for a researcher to publish studies showing positive and statistically
significant results than those having negative or null findings. This bias can lead to
exaggerating treatment effectiveness and effect sizes and misrepresenting the
evidence base for a certain topic, leading to poor clinical decisions and compromised

patient care (19).

6) Complexity of health outcomes: When assessing the effectiveness of a particular
intervention, researchers must first choose an appropriate outcome measure. Choosing
an outcome can sometimes be challenging as some interventions can be assessed
using several different outcome measures, each with its strengths and limitations (20).
Furthermore, different stakeholders in the healthcare system may prioritize different
outcome measures based on their unique perspectives and needs (21). Finally,
identifying patient-centered outcome measures relevant to the patient’s choices and

quality of life is critical (22).
1.5 Plain Language Communication

As the EBM movement gained popularity, it was accompanied by a rise in initiatives aiming
to empower patients to make informed decisions about their health in partnership with the
medical provider. Such initiatives included the development of training opportunities for
medical workers (23), improving patient involvement in research and workshops (24),
integrating patient values into clinical guidelines (25), and developing patient decision aids
(26). However, to make informed decisions about their health, patients must first be able to
critically evaluate the quality of the evidence, understand the benefits and risks associated
with a specific treatment option, and set realistic expectations for the treatment’s
effectiveness (27). Because the readability of scientific papers was too high for laypeople to
understand, it became necessary to convey the research findings to patients using plain
language. Plain language is a style of communication specifically adapted for lay audiences.
It is characterized by clarity, simplicity, and accessibility of information. The clarity and
simplicity of plain language communication are reflected in presenting the information in a
straightforward manner, as opposed to being ambiguous in the statements. Both can be

14



achieved by avoiding jargon and complex technical terms (28). To improve the accessibility
and transparency of research findings and engage and empower patients to make informed
decisions about their health, several evidence-producing organizations decided to publish
plain language summaries (PLS) accompanying their scientific publications. Organizations
such as Cochrane, Campbell Collaboration, and International Initiative for Impact Evaluation
(3ie) either require or recommend their authors to provide PLSs with their conducted SRs

(29-31).
1.6 Conclusiveness and Readability of Plain Language Summaries

Scientific papers can often be challenging to comprehend due to their complex and
specialized terminology. PLSs play an important role in transferring knowledge gained
through scientific methods to the lay audience by clarifying and simplifying the terms and
making them more accessible (28). However, while those PLSs aimed to demystify science
and research findings for the general population, a study has shown that the readability of
those PLSs was not much better than the readability of their scientific abstracts and their

readability was still above the recommended readability level (32).

1.7 Linguistic and Textual Characteristics of Scientific Texts

How a piece of information is presented within a text can have a significant impact on the
retention of it. There are various characteristics of written text that play a role in
communicating research findings to end users. Such characteristics include clarity and
precision, use of technical terminology, conciseness, logical structure, or coherence (33).
Other important characteristics of scientific texts are emotions and attitudes expressed by the
authors, as well as sentiment and different elements of linguistic style within it, which have
been shown to influence how individuals perceive the text. Studies have shown that the way a
text is written can induce certain emotions within a reader, affecting whether they like it,
believe in it, or view it as correct (34,35). There are several tools available for analyzing
linguistic and psychological dimensions of the text, such as Linguistic Inquiry and Word
Count (LIWC) software (36), Natural Language Processing (NLP) tools (37,38), sentiment
analysis tools (39,40), different content analysis software (41), word embedding models (42),
and use of psycholinguistic databases (43—45).
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1) Dictionary-based approach

LIWC software is a textual analysis tool that calculates word count and the frequency of
words that fit different dictionary categories in a text (36). The four dictionary categories are
Analytic (46), Clout (47), Authentic (48), and Emotional Tone (49), which were created
based on previous research conducted by the team. The Analytic category includes words that
indicate logical, formal thinking, and cognitive processing. Examples of words that fit the
Analytic category are ‘evaluate,” ‘assess,” ‘strategy,” and ‘method.’ The Clout category
reflects the language of leadership and status, with higher scores indicating assertiveness and
dominance in communication and a lower score indicating a more hesitant text tone.
Examples of words matching the Clout category are ‘dominate,” ‘control,” ‘lead,” and
‘direct.” Words fitting to the Authentic category reflect the honesty and sincerity of the
expression within the text, and such words include ‘genuine,” ‘real,’” ‘transparent,’” and
‘true.’ Finally, the Emotional tone category shows how well the text reflects positive or
negative emotions such as joy, fear, and others. Words that fit the Emotional tone category

are, for example, ‘delighted,’ ‘afraid,” ‘anxious,” and ‘hostile.’
2) Sentiment analysis

Sentiment analysis, also referred to as opinion mining, is a computational approach that
explores textual data to identify the emotional tone or sentiment contained within it. A
commonly used approach for sentiment analysis involves using different sentiment lexicons
or dictionaries in which words have already been pre-assigned to emotional categories (50).
A researcher from the National Research Council in Canada developed one such lexicon
called the NRC emotion lexicon (45). By conducting sentiment analysis using the NRC
lexicon, we can calculate the number of words within a text that fit into different emotional
categories and two valences (positive and negative). Emotional categories include Anger,

Anticipation, Disgust, Fear, Joy, Sadness, Surprise and Trust.

Identifying different aspects of language associated with clarity and understanding of health-
related research findings can act as a basis for evidence-based clinical practice guidelines to
enhance the ease of understanding and use of these texts, advancing the overall goal of

promoting patient involvement in informed decision-making.
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2 AIMS OF RESEARCH AND HYPOTHESES

2.1 The association between research design and the perceived treatment

effectiveness: a cross-sectional study

There is limited knowledge regarding the degree to which different stakeholders in the
healthcare system understand and utilize data from various scientific sources, as well as their
understanding of the hierarchical structure of study designs. Therefore, the objective of this
study was to evaluate how treatment effectiveness is perceived in relation to research design,

as reported by researchers, healthcare workers, and consumers in Croatia.
The hypothesis of this study was:

1) The majority of healthcare workers and researchers will regard RCT and SR as
credible forms of evidence, while consumers will view any form of study as reliable
evidence; hence, we anticipate that consumers’ choices will not vary considerably

across different scenarios.

2.2 Conclusiveness, readability and textual characteristics of plain language

summaries from medical and non-medical organizations: a cross-sectional study

With this study, we aimed to assess the differences in readability, conclusiveness, and textual
characteristics between PLSs of SRs published by medical and non-medical organizations,
effectively addressing the gap in the existing body of research. The objective was to obtain a
deeper understanding of the process by which scientific information is communicated to
various individuals and how this influences their perception, involvement, and decision-

making.
The hypothesis of this study was:

1) Compared to PLSs published by medical organizations, non-medical PLSs will

provide less precise conclusions and have lower levels of readability.
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3 METHODS

3.1 The association between research design and the perceived treatment

effectiveness: a cross-sectional study

3.1.1 Study design and setting

A quantitative, cross-sectional, questionnaire-based study design was implemented to assess
the association between the presented study design and the perceived effectiveness of the
treatment. The data was collected online over a span of three months, from November 2021
to February 2022. Prior to the study's commencement, we preregistered it on the Open

Science Framework (https://osf.io/t7xmf).

3.1.2 Study outcomes

The primary outcome was the perceived adequacy of the evidence presented in each scenario
in order to determine the effectiveness of the treatment (evidence sufficiency rating). This
was assessed using a scale ranging from 1 to 10 for each scenario, where a score of "1"
indicated a complete absence of evidence supporting the treatment's effectiveness, and a
score of "10" indicated sufficient evidence. The secondary outcome was a quantitative
assessment of treatment effectiveness (treatment effectiveness assessment), ranging from 1 to
10, where a score of "1" indicated ineffectiveness and a score of "10" indicated total
effectiveness. Additionally, we collected data about the participants’ age, gender, level of
evidence, and occupation. The participants' levels of education were categorized as follows:
primary school, secondary school, college, undergraduate, graduate, postgraduate, and
current university students. In the Croatian educational system, primary school lasts eight
years, after which students proceed to secondary school for three to five years. Before the
introduction of the Act on Academic and Professional Titles and Academic Degrees (NN
123/2023) in 2023, those students who finished up to three years of undergraduate school
were considered to have finished college education. However, that degree has now been
made equal to undergraduate school (bachelor’s degree). After undergraduate school, a
person can finish graduate school to get a master's degree, followed by a postgraduate school,

acquiring a PhD.
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3.1.3 Data collection

An online questionnaire was created on the Survey Monkey® platform

(https://www.surveymonkey.co.uk/). The questionnaire comprised demographic questions

and six scenarios illustrating six studies about a particular treatment for a certain condition,
each with a different study design (case study, case series, cross-sectional study, cohort study,
RCT, and SR). The participants were presented with these scenarios in a random order to
avoid order bias. This was accomplished by utilizing the 'Page randomization' feature under
the 'Design survey' section of the SurveyMonkey® platform for every participant. The study
authors developed the questionnaire and the accompanying scenarios. The authors had
expertise in medical and psychology education as well as research methodology. The
scenarios were subsequently evaluated by two impartial researchers who evaluated their
reliability, brevity, and applicability and provided recommendations for change. The
collective expertise of the research group guaranteed that research designs were appropriately
portrayed. The questionnaire was disseminated through openly accessible email addresses
and Facebook posts. Reminders were sent within a time frame of two weeks to one month
following the initial invitation. An English version of the questionnaire can be found in

Appendix 1.

3.1.4 Participants

Sampling
The sampling strategy employed was a combination of convenience and snowballing

sampling.

Inclusion criteria
Participants were researchers, healthcare workers, and consumers over 18 years of age.
Researchers have been included due to the novel findings and advances they provide. Their
contributions serve to broaden the foundation of scientific knowledge regarding medical
procedures and therapies. Healthcare workers utilize this knowledge in order to diagnose,
treat, and manage conditions in their patients. Consumers are the ultimate recipients of

healthcare services and active contributors to shared decision-making.
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A researcher who held a doctoral degree in the field of biomedicine and health or had a
minimum of one publication within the previous year and held positions as scientific and

teaching personnel of a faculty was eligible for inclusion.

Healthcare workers who held professional titles of medical doctor (MD) or doctor of

medicine in dentistry (DMD), retired or still active, were included in the sample.

Patients not affiliated with the faculty, lacking a PhD in the field of biomedicine and health,

and not practicing medicine or dentistry were considered consumers.

3.1.5 Sample size calculation

We conducted a sample size calculation to calculate the minimum number of participants in
each group required to observe a hypothesized difference between groups for the primary

outcome. For that, we utilized an online sample size calculator (https:/select-

statistics.co.uk/calculators/sample-size-calculator-two-means/). The parameters used for the

calculation were:

— A hypothesized difference in the evidence sufficiency rating of 1 point on a scale of

one to ten, and the anticipated standard deviation of 2,
— Alpha error rate of 5%,
— Power of 80%.

We calculated that, in order to observe such a difference, we needed a minimum of 63

participants per group.

3.1.6 Statistical analysis

We included only those responses that were completed in full. Frequencies and percentages
were used to describe demographic data collected from the participants. The Shapiro-Wilk
test was used to assess the data distribution of numerical variables. As the data was
asymmetrical, we used medians and interquartile range (IQR) when presenting data for the
entire sample. We used medians and 95% confidence intervals (95% CI) to present numerical
data for each group individually. We employed the Kruskal-Wallis test to assess the

differences between the groups' scores for primary and secondary outcomes. Furthermore, to
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test the differences in scores each group had for every scenario, we employed the Friedman
test. Conover post hoc test was used to conduct multiple pairwise comparisons. Software
used to conduct all analyses were JASP, version 0.16.1 (JASP Team, 2022) and MedCalc,
version 20.027 (MedCalc Software, Ostend, Belgium). The significance level was established
at a p-value of less than 0.05.
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3.2 Conclusiveness, readability and textual characteristics of plain language

summaries from medical and non-medical organizations: a cross-sectional study

3.2.1 Study design and setting

This quantitative, cross-sectional, methodological, research-on-research study was
implemented to analyze different characteristics of PLSs published by medical and non-

medical organizations.

3.2.2 Study outcomes

Conclusiveness
We categorized all PLSs into one of three conclusiveness categories: conclusive,
inconclusive, and unclear (Table 1). For medical PLSs, this was done using a fine-tuned
large language model grounded on SciBERT (51). SciBERT is a pre-trained natural language
processing model specifically trained to understand and work with scientific text (52).
Additionally, our model was trained on more than 4,400 pre-classified PLSs to categorize
new PLSs into three distinct conclusiveness categories. By using a model, we were able to
optimize operations and guarantee uniformity through the reduction of human error. We
intended to use the model to classify non-medical PLSs like we did for medical ones.
However, upon further examination of the model outputs related to non-medical PLSs, we
determined that the classification of said PLSs was inaccurate. As a result, we opted to
classify non-medical PLSs by hand. One author assessed the conclusiveness of the non-

medical PLSs, whereas the other author verified this assessment.
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Table 1. Description of the conclusiveness categories

Conclusiveness .
Description
category
Conclusive
. Moderate to high-quality evidence supports the safety or efficacy of
Positive
the product.
. Moderate to high-quality evidence suggests that the intervention may
Negative A .
have adverse effects or is ineffective.
Equal Effectivepess and safety were comparable across all evaluated
Interventions.
Inconclusive
While the evidence does indicate potential safety or efficacy, it is
Positive deemed inconclusive and of poor quality, and the authors propose that
further investigation is warranted.
The intervention was probably unsafe or inefficient, according to the
available evidence. The authors advised against using the intervention
Negative or comparison. The available evidence is of low quality or
inconclusive. The authors also emphasized the need for further
research.
The interventions seem to have comparable effectiveness and safety.
Equal However, the evidence is of lower quality or inconclusive, prompting
the authors to recommend further research.
Unclear

No evidence

Empty reviews. Since the search did not yield any RCTs, the reviews
contain no empirical data.

No opinion

No opinion or judgment was offered by the authors.

Unclear

The authors failed to provide a definitive conclusion.
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Readability assessment
The assessment of readability was conducted by utilizing the Simple Measure of
Gobbledygook (SMOG) index readability score (53). The SMOG index quantifies the years
of education required for an average individual to understand a given text. It was used as it
has been shown to be the most appropriate readability measure for healthcare contexts (54).
To calculate the SMOG index for every PLS, we used the quanteda and quanteda.textstats
(55) packages in R. It was recommended by the American Medical Association that written
materials for patients containing health information adhere to an educational level of no more

than the sixth grade (56).

Language characteristics
We analyzed the textual properties of PLSs using the Linguistic Inquiry and Word Count
(LIWC) software (36). In addition to determining the total number of words in each PLS,
LIWC also determines what proportion of those words fall into each of four distinct
dictionary categories: Analytical tone, Clout, Authenticity, and Emotional tone. A higher
score on the analytical tone variable suggests a more formal, logical, and hierarchical style of
writing, which is indicative of an objective tone. Lower scores on the clout variable indicate a
more cautious text tone; this variable is connected with confidence and assertiveness.
Increased usage of honesty-related words, personal pronouns, and expressions related to
sincerity in communication is indicative of a higher level of authenticity. Furthermore, the
emotional tone score increases as the text conveys a greater range of positive emotions.
LIWC software provides numerical values ranging from 0 to 100, representing the proportion

of words in a particular PLS that fall into each LIWC category.

Furthermore, we also analyzed the PLSs for sentiment using R's syuzhet (40) package. The
syuzhet package's get NRC_sentiment function is a sentiment analysis tool that uses a
dictionary to score the text on eight distinct emotion categories (anger, anticipation, disgust,
fear, joy, sadness, surprise, and trust) and determine its positive or negative valence. In the
end, the function tracks the number of terms in each category that are present in the NRC

lexicon.
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3.2.3 Materials

All PLSs from the most recent English-language SRs published by the Cochrane and the
Norwegian Institute of Public Health (NIPH), as well as non-medical PLSs from the
Campbell Collaboration and the International Initiative for Impact Evaluation (3ie) from
inception until November 10, 2022, were eligible to be included. Cochrane is internationally
recognized for its comprehensive SRs and is considered a gold standard in evidence synthesis
within the healthcare sector. NIPH is a nationally and internationally recognized public health
research and evidence synthesis authority. Similarly, Campbell Collaboration and 3ie are
respected organizations known for their contributions to evidence synthesis and impact
evaluation in the field of social sciences. Campbell Collaboration focuses on social and
educational interventions, whereas 3ie evaluates the efficacy of development programs and
policies. We did not include SRs that stated they followed the Cochrane approach but were
not published as Cochrane SRs in the Cochrane Library. We had intended to incorporate
PLSs published by two additional organizations — the Evidence for Policy and Practice
Information and Co-ordinating Centre and the Joanna Briggs Institute. However, we
discovered that they did not adopt PLSs as a tool for communicating the results of their SRs

to the laypeople.

3.2.4 Data collection

A request was made via email to the delegates of all six organizations, requesting access to
their PLSs. Joanna Briggs Institute clarified that they do not release PLSs alongside their
SRs. Additionally, in their reply, Cochrane spokesperson advised us to fill out the online
data-request form that is offered on their website. The web-scraping technique was employed
using the rvest (57) and tidyverse (58) packages in R software version 4.2.1 (R Core Team,
2020) to extract titles, links, and publication dates of SRs from the websites of the Campbell

Collaboration (https://www.campbellcollaboration.org/), NIPH (https://www.fthi.no/), and 3ie

(https://www.3ieimpact.org/). NIPH and 3ie PLSs had to be manually extracted, while the

ones from the Campbell Collaboration could be obtained by web-scraping. Using the "Export
selected citation(s)" option in the Cochrane Library, we retrieved all of the Cochrane PLSs.
Then, we used the R package stringr (59) to extract the titles, links, publication dates, and

PLSs from each citation. All data was entered into a Microsoft Excel spreadsheet.
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3.2.5 Statistical analysis

We used percentages and frequencies to display the conclusiveness data. Shapiro-Wilk test
was used to determine the distribution of the continuous variables. The medians with 95%
confidence intervals were used to describe all numerical data. In order to compare the
conclusiveness data both within and across groups, a chi-squared test was employed.
Furthermore, to compare the groups' scores on the SMOG index, LIWC variables, and
sentiment analysis variables, the Mann-Whitney U test was used. The discrepancies in scores

across the three categories of conclusiveness were tested using the Kruskal-Walls test.

A stepwise logistic regression model was built, with the significant variables serving as
criteria predictors (medical or non-medical). Findings are displayed using odds ratios (ORs),
with 95% confidence intervals (CI), as well as McFadden R?. All analyses were carried out

with MedCalc software, version 20.027 (MedCalc Software, Ostend, Belgium).
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4 RESULTS

4.1 The association between research design and the perceived treatment

effectiveness: a cross-sectional study

Researchers and healthcare workers with 1,816 publicly accessible email addresses were
invited to take part in the study. Automated confirmation of message delivery was received
from 1,437 addresses, accounting for 79.13 % of the total. Two hundred fifty-four addresses
(13.99%) did not receive the message, and for 125 (6.88%) addresses, we did not receive an
automated response regarding the delivery status. In an attempt to reach the consumers, we
sent out invitations to the email addresses of 171 Croatian citizens' associations, requesting
that they share the invitation with their members. We received the automated response for all
addresses, and 156 (91.23 %) addresses received the message. Furthermore, the link to the

questionnaire was shared on personal profiles and groups on Facebook, Meta Platforms, Inc.

We excluded 783 respondents out of a total of 1,389 who entered the questionnaire link due
to missing information. Twenty-two respondents were excluded because they did not fulfill
the inclusion requirements. The responses from eleven researchers who were either scientific
or teaching personnel were excluded from the analysis. Finally, 584 participants were
included in the analysis. Ninety-seven of them were researchers, 201 were healthcare

workers, and 286 were consumers (Figure 2).

Most respondents were women (74.3%), with a median age of 43.5 years (IQR 33-52).
Researchers and healthcare workers mostly finished graduate or postgraduate educational

programs, whereas consumers primarily finished secondary and graduate schools (Table 2).
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Responses available for
analysis
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4

Figure 2. Participant flow (Reproduced under CC BY 4 license from (60)).
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Table 2. Participant characteristics (Reproduced under CC BY 4 license from (60))

Healthcare

Variables Total Researchers workers Consumers P value
n=584 n=97 n=201 n=286
Women (n, %) 434 (74.3) 65 (67) 144 (71.6) 225 (78.7) 0.043"
Age Md, IQR) 43.5 (33t0 52) 46 (38 to 53) 42 (31to 51) 44 (34 to 52) 0.0617
Education (n, %)
Primary school 3(0.5) 0 0 3(1)
Secondary school 113 (19.3) 0 0 113 (39.5)
College 23 (3,9 0 0 23 (8)
Undergraduate .
school 22 (3.8) 0 0 22 (7.7) <0.001
Graduate school 191 (32.7) 99.3) 103 (51.2) 79 (27.6)
Postgraduate school 208 (35.6) 88 (90.7) 98 (48.8) 22 (7.7)
University student 24 (4.1) 0 0 24 (8.4)

Md median, IQR interquartile range
“Chi-square test
"Kruskal-Wallis test
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4.1.1 Evidence sufficiency rating

All participants' evidence-sufficiency scores improved as the evidence level increased, with
statistically significant differences between every research design, with the exception of RCT

and SR.

For researchers, there were no differences in ratings between case study and case series or
between RCT and SR, respectively. Scores differed between researchers and consumers for
every research design, with the exception of the RCT. Upon comparing the findings of
researchers to healthcare workers, there were discrepancies in case series and cross-sectional

study ratings.

Scores for healthcare workers did not differ significantly between case study and case series,
cross-sectional study and cohort research, or RCT and SR, respectively. Scores for case

study, case series, RCT, and SR differed between healthcare workers and consumers.

When compared to researchers and healthcare workers, consumers gave higher ratings for
case study and case series, and lower for SR. There were no statistically significant
differences in consumer ratings between the cross-sectional study and cohort study, the
cohort study and cross-sectional study, or the RCT and SR, respectively. Figure 3 highlights
the scores for each group across all study designs. The score differences for each scenario

across the groups and a comparison of designs for every group are provided in Table 3.
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Figure 3. Median evidence sufficiency scores between the three groups. Reproduced under

CC BY 4 license from (60).
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Table 3. Differences in scores for evidence sufficiency for each scenario across the groups
and a comparison of research designs for every group (Reproduced under CC BY 4 license
from (60))

Healthcare

Variables (Md, 95% CI) Researchers workers Consumers p
n=97 n=201 n=286
Case study 2 (2 to 3)* 3 (3 to 4)* 5.5 (5 to 6)* <0.001
Case series 3(2t03) 3(3t04) 5(5to0 6) <0.001%
Cross-sectional study 6 (5to 6)* 6(5to7)° 7 (6to7)° 0.003
Cohort study 6 (5,37 t0 6,63) 6(6to7) 7 (6 to 7)* 0.151
RCT 7 (7to8)! 8 (710 8) 7 (7 to 8) 0.003
Systematic review 8 (8 to 8)* 8 (7 to 8)* 7 (7 to 8)* 0.004
Pt <0.001 <0.001 <0.001

Md median, CI confidence interval
“Kruskal-Wallis test.

"Friedman test.

Different from the other two groups.
SAll groups are different

'Not different from the other two groups
*Not different from the case series

aNot different from RCT

®Not different from the cohort study
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4.1.2 Treatment effectiveness assessment

For all three groups, the ratings for the perceived treatment effectiveness in the scenarios
increased as the evidence level increased. There were differences in scores across every study

design, with the exception of RCT and SR.

There were no differences in scores for researchers between case study and cross-sectional
study, cohort study and RCT, and RCT and SR, respectively. Researchers and consumers had
differing scores for every research design, with the exception of cohort study and RCT.
Compared to healthcare workers, researchers gave significantly lower scores for treatment

effectiveness assessment for case series and RCT.

There were differences in scores for healthcare workers across every research design except
RCT and SR. Their scores differed from those of consumers in every research design, with

the exception of the cohort study.

Consumers scored higher for case study and case series but lower for SR than researchers and
healthcare workers. There were no statistically significant differences in consumer scores
between the case study and cross-sectional study, the cross-sectional study and cohort study,

or the RCT and the SR, respectively.

Figure 4 shows the scores per group across all study designs. The differences in scores for
each scenario across the groups, as well as a comparison of research designs for each group,

are provided in Table 4.
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Figure 4. Treatment effectiveness rating between the three groups. Reproduced under CC BY

4 license from (60).
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Table 4. Differences in scores for treatment effectiveness for every scenario across the
groups and a comparison of research designs for each group (Reproduced under CC BY 4

license from (60))

Healthcare

Variables (Md, 95% CI) Researchers workers Consumers p
n=97 n=201 n=274
Case study 5 (4 to 5)* 5(5to06) 6 (6 to 7)¥ <0.001
Case series 4 (3to)) 5(5to0)) 5 (5to6) <0.001%
Cross-sectional study 6 (5to 6) 6 (6to7) 7 (7 to 7)* <0.001
Cohort study 6(6t07)? 7 (6to7) 7 (6to 7)* 0.296'
RCT 7(7t08) 8 (7 to 8)! 7 (7t08) 0.018
Systematic review 8 (7 to 8)* 8 (8 to 8)* 7 (7 to 8)* 0.002
pt <0.001 <0.001 <0.001

Md median, CI confidence interval
“Kruskal-Wallis test.

"Friedman test.

Different from the other two groups.
SAll groups are different

'No differences between groups

*Not different from a cross-sectional study

aNot different from an RCT
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4.2 Conclusiveness, readability and textual characteristics of plain language

summaries from medical and non-medical organizations: a cross-sectional study

Collectively, the examined organizations published 9,476 SRs. Among these, 9,209 were
from medical organizations, with 8,928 from Cochrane and 281 from NIPH. The remaining
267 reviews were from non-medical organizations, with 220 from Campbell Collaboration

and 47 from 3ie.

Of the 8,928 Cochrane SRs, 29 lacked PLSs, and 425 had been withdrawn. This resulted in
8,474 Cochrane PLSs that were analyzed in this study. NIPH released a total of 281 SRs. Out
of these, only 32 were written in English. Among the English reviews, only one had a PLS.
However, this PLS was not included in the analysis due to significant differences in sample
sizes and the potential for sample size bias. The Campbell Collaboration has published 220
SRs, of which 68 did not have a PLS. Therefore, we included the remaining 152 PLSs. 3ie
released a total of 47 SRs, of which 11 had PLSs considered for the analysis. Ultimately, our
analysis included a total of 8,637 PLSs, with 8,474 originating from medical organizations

and 163 from non-medical ones (Figure 5).
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Figure 5. Flowchart of the selection of PLSs. Reproduced under CC BY 4 license from (61).
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4.2.1 Conclusiveness

PLSs from medical organizations mostly had unclear conclusions (62.06 %), and only 8.4 %
had conclusive findings. On the other hand, PLSs from non-medical organizations were
mainly inconclusive (56.44 %). Furthermore, a more significant percentage of non-medical

PLSs had conclusive findings compared to medical PLSs (Table S).

Table 5. Comparison of distributions of PLSs among groups depending on the
conclusiveness categories (Reproduced under CC BY 4 license from (61))

Variables Overall sample Medical Non-medical p*
N(%) n=38,637 n=8,474 n=163

Conclusive 739 (8.56) 710 (8.4) 29 (17.79) <0.001
Inconclusive 2,597 (30.07) 2,505 (29.56) 92 (56.44) <0.001
Unclear 5,301 (61.38) 5,259 (62.06) 42 (25.77) <0.001
P <0.001 <0.001 <0.001

“Chi-squared test

4.2.2 Readability

There was a statistically significant difference between medical and non-medical PLSs
regarding readability, as measured by high SMOG ratings (P=0.010). Medical PLSs had a
median SMOG index score of 15.51 (95% CI 15.47 to 15.58), while non-medical PLSs had a
median score of 15.22 (95% CI 14.94 to 15.50).

4.2.3 Language characteristics

The length of non-medical PLSs was considerably greater than that of medical PLSs. In
addition, non-medical PLSs had higher scores for clout (P=0.041) and emotional tone
(P<0.001). No significant variations were observed between the groups in terms of the
analytical tone. However, medical PLSs with unclear conclusiveness obtained lower scores
compared to inconclusive and unclear medical PLSs. Non-medical PLSs that were conclusive
scored higher for 'clout' (P=0.041) and 'authenticity' (P=0.010) compared to conclusive PLSs
published by medical organizations. Furthermore, inconclusive PLSs published by medical
organizations had a greater degree of clout, while conclusive medical PLSs displayed a

higher level of authenticity than other medical PLSs (Figure 6).
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Figure 6. Percentage of linguistic traits observed in the PLSs for each group. Error bars

represent the 95% confidence intervals. Reproduced under CC BY 4 license from (61).
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4.2.4 Sentiment analysis

Non-medical PLSs exhibited greater scores for positive and negative valences than medical
PLSs. Furthermore, PLSs published by non-medical organizations had a greater prevalence of
words depicting emotions like joy, anger, trust, anticipation, and surprise, whereas PLSs
published by medical organizations demonstrated higher levels of disgust and fear (Figure

7). Ten most frequently used words from each of the eight emotional categories and two

Anger
25
Positive o
affect Anticipation
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15
Negative 10 .-
affect isgus
-4
“ X
Trust Fear
Surprise Joy

Sadness

—o— Medical Non-medical

valences for both groups are presented in Appendix 2.

Figure 7. Evaluation of the PLSs' sentiments in the medical and non-medical domains.

Reproduced under CC BY 4 license from (61).
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4.2.5 Logistic regression analysis

Several variables were identified by the logistic model as potential indicators of medical or
non-medical PLS status (Table 6). Both PLSs with a lower SMOG index (OR=0.808; 95%
CI 0.721 to 0.905; P<0.001) and PLSs with a greater word count (OR=1.005; 95% CI 1.003
to 1.006; P<0.001) were more likely to be from a non-medical organization. However, the
difference was practically irrelevant. Furthermore, medical PLSs were predicted by greater
disgust, fear, and joy scores, though PLSs published by non-medical organizations were
associated with greater ratings for analytical tone and emotions like anger, trust, and positive
sentiment. The logistic regression included nine variables that explained 36.9% of the

variance.

Table 6. Logistic regression model of variables predicting if the PLS was from a medical or
non-medical organization

Variables OR (95% CI) P-value
SMOG index 0.808 (0.721 to 0.905) <.001
Word Count 1.005 (1.003 to 1.006) <.001
Analytic tone 1.074 (1.040 to 1.109) <.001
Anger 1.673 (1.477 to 1.895) <.001
Disgust 0.698 (0.609 to 0.800) <.001
Fear 0.617 (0.562 to 0.677) <.001
Joy 0.873 (0.789 to 0.966) .009
Trust 1.204 (1.120 to 1.293) <.001
Positive sentiment 1.102 (1.047 to 1.161) <.001

Note. Type level ‘Non-medical’ coded as class 1, and ‘Medical’ as class 0.
OR odds ratio, CI confidence interval

McFadden R? - 0.369
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S DISCUSSION

5.1 The association between research design and the perceived treatment

effectiveness: a cross-sectional study

5.1.1 Summary of the main findings

This cross-sectional, questionnaire-based study found notable variations in the perceptions
and understanding of the hierarchy of evidence between different stakeholders in the Croatian
healthcare system. Significant differences were observed in both outcomes between experts
and consumers. Consumers had difficulty discerning across study designs as there were
minimal variations in their perception of the sufficiency of evidence or the effectiveness of
therapy across different scenarios. In comparison to other participant groups, consumers
consistently assigned higher scores to scenarios that presented lower levels of evidence and

lower scores to scenarios that depicted higher levels of evidence.

We aimed to evaluate the concept of scientific evidence, particularly in light of its increased
emphasis in recent years and in the context of the coronavirus pandemic (62). The vast
majority of media platforms had become overloaded with health-related information,
containing accurate information and misinformation. It became crucial to discern the reliable
information amongst it all (63—65). Identifying credible sources of health information,
particularly regarding possible treatments, transmission, and effects, became significantly
more challenging during this "infodemic," a term created by the Director General of the
World Health Organization (WHO) (66). As a result of the infodemic, false information
circulated rapidly through social media, and consumers had problems locating and
comprehending resources regarding the disease's symptoms, treatment, and prevention
(67,68). Researching the comprehension of the hierarchy of evidence as presented within
different study designs may, therefore, be useful for knowledge translation to a broader
audience. Our findings align with a previous study on healthcare workers in Canada that
revealed a widespread inadequacy in critical appraisal skills among young medical doctors in
that country (69). However, what sets our study apart is the incorporation of other population
groups. As anticipated, researchers demonstrated the most comprehensive understanding of
the topic, assigning higher ratings to RCT and SR and lower to the case study and case series
than other stakeholders. On the other hand, consumers had the lowest ability to distinguish

across study designs and assigned comparable ratings to all. We found that healthcare
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workers in our study had difficulty distinguishing between observational study designs,
experimental study designs, and SR. This may also have ramifications for how doctors
comprehend the scientific evidence. Further research could determine whether or not the
comprehension of the evidence hierarchy has any ramifications for the practice of medicine
in clinical settings. Both healthcare workers and researchers undergo education in scientific
methods as part of their studies and professional training. However, consumers lack formal
training in subjects related to methods of conducting scientific research, which is not included
in the curriculum for the earlier stages of education. Nevertheless, education on health and
medical research has become more vital than it has ever been before as patient empowerment
became a key component in the process of making healthcare decisions in the modern
context. Moreover, the most worrisome aspect is to the healthcare workers' ratings regarding
the sufficiency of evidence for making an informed decision and evaluating the effectiveness
of treatments. In order to deliver optimal care to their patients, healthcare workers must have
the ability to find and rigorously evaluate relevant evidence within their area of expertise.
Due to their design, observational studies are unable to provide evidence on the effectiveness
of treatment. Therefore, data obtained from a cross-sectional study should not be considered
as equally sufficient to the evidence from an RCT or an SR. We identified the importance of
introducing educational programs on the essential principles of conducting a research in
primary or secondary schools. Mandatory courses on research methodology can also be
implemented into the Continuing Medical Education (CME) programmes for healthcare

workers.

5.1.2 Limitations of the study

Our study has several limitations which should be considered when interpreting the results.
An important factor to consider is the fact that it was carried out on the Croatian population.
There may be differences between the educational systems in Croatia and those in other
countries when it comes to healthcare stakeholders' access to education and training in
research methods, as well as education in general. Furthermore, researchers, healthcare
workers, and consumers who participated in our study may have diverse experiences and
backgrounds. This might lead to different perceptions of research designs, which should be
taken into account when generalizing these results. In addition, because we employed a
number of methods to disseminate the questionnaire, it was not possible to provide an

accurate estimate of the overall response rate for this study. Only individuals who were
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directly sent the invitation by electronic mail could be considered for the response rate
calculation. It was not possible to accurately determine the number of individuals who came
into contact with the posts on social media, citizen associations’ members to whom the link to
the questionnaire was sent, or how many individuals were included using the snowball
sample method. Some respondents may have relied on variables unrelated to the scenarios
themselves while answering the questions, despite the fact that we made every effort to
structure the scenarios in the most effective manner possible to exclude the likelihood of

response bias.

5.1.3 Strengths of the study

However, our study has several important strengths. For the sake of avoiding order bias,
which may have been introduced by displaying the scenarios all at once or in incremental
order, the questionnaire presented the scenarios to each participant in a random sequence.
Also, participants were not provided with the specific details of the design used in each
scenario in order to prevent the order of study designs from being determined using outside
sources. Additionally, we designed the questionnaire to be completed in less than 10 minutes

in order to guarantee the acquisition of high-quality responses from those taking part.

5.1.4 Suggestions for future research

A suggestion for further research is to carry out a more thorough validation of our
questionnaire using the pre-existing methodological approaches (70). Additional
multinational studies are required to validate these findings and offer a more profound
understanding of the issue. Furthermore, future studies could examine the effectiveness of
training programs in earlier stages of education on methods of conducting scientific research,

as well as their inclusion in CME programs for various members of the healthcare system.
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5.2 Conclusiveness, readability and textual characteristics of plain language

summaries from medical and non-medical organizations: a cross-sectional study

5.2.1 Summary of the main findings

This cross-sectional, research-on-research study revealed significant discrepancies between
medical and non-medical PLSs in terms of their readability, conclusiveness, and textual
characteristics. The readability of medical and non-medical PLSs was very low, as readers
require more than 15 years of education to understand the texts, even though it was
recommended that those texts be written so that individuals with as little as six years of
education can easily comprehend them. Non-medical PLSs were found to be more

conclusive, and they contained more words.

Given that the medical profession frequently handles choices that might mean the difference
between life and death, and the biological variation in treatment response, illness progression,
and genetics, the objective differences between the two research domains may be the source
of the difference in conclusiveness. As a result, researchers in medical disciplines might
exercise greater caution and reservation when drawing conclusions regarding a specific
treatment option. There is also the possibility that a lower level of conclusiveness in medical
PLSs is just a fair depiction of the current state of medical evidence, implying that it should
not always be deemed a weakness. These findings are consistent with those of other studies

that reported inconclusiveness of Cochrane SRs (71-74) and PLSs (32).

The difference in word count that was found between the two groups of PLSs may be an
indication of distinct communication methods. Non-medical PLSs are more likely to
prioritize exhaustive clarifications and use words to ensure they are clear and comprehensive.
Medical PLSs, on the other hand, may place an emphasis on presenting concise conclusions
instead of overwhelming the reader. Also, compared to medical PLSs, non-medical PLSs
may have been more heterogeneous or measured a greater number of outcomes. In addition,
there was a disparity between the guidelines proposed by Cochrane and Campbell concerning
the word limits that were advised for PLSs (30,75). Cochrane recommends that PL.Ss be kept
in the range of 400 to 850 words. Conversely, Campbell advises that the objective length
should be between 600 and 750 words.
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Our analysis of the textual characteristics identified that non-medical PLSs scored higher for
the emotional categories of anger, emotional tone, clout, anticipation, surprise, and joy. In
contrast, PLSs published by medical organizations scored higher on disgust and fear. The
findings suggest that non-medical PLSs have a greater number of words and expressions that
project self-assurance and social influence. On the other hand, there was a greater percentage
of emotional and affective words and phrases in non-medical PLSs that indicated either
positive or negative emotions. In addition, non-medical PLSs had a greater number of words
and expressions that projected a hopeful perspective toward the future, and a sense of wonder
and belief in particular individuals or entities. In contrast, medical PLSs displayed a greater
number of terms that are related to feelings of worry and terror and expressions that provide a
strong sense of dislike. That may be because medical PLSs have a greater number of words
connected with the terms pain and disease, which may be a contributing factor to the varied
levels of negative emotions among the two groups of PLSs. However, those terms do not

account for the higher occurrence of positive words.

PLSs serve as a gateway to complex concepts for readers without the background knowledge
to fully understand a research paper (76). It is crucial to keep the readability level at or below
the recommended level in order to include as many readers as possible. The results of this
study are consistent with the conclusions of Bani¢ et al. (32) and Karaci¢ et al. (77), who
similarly concluded that PLSs published by Cochrane require over 15 years of education to
understand with ease. The idea of having consumers involved in writing PLSs has gained
attention in recent years to improve the readability of such texts. Many organizations and
research groups have advocated for patient involvement throughout the research process,
which includes knowledge dissemination and translation (78,79). Moreover, while Cochrane
has recently revised its guidelines for writing PLSs to include a suggestion for seeking
consumer feedback on potential improvements to the PLSs (75), such practice has still not

been implemented fully.

5.2.2 Limitations of the study

It is important to consider several limitations when interpreting these results. The primary
issue is the discrepancy in the number of PLSs published by medical and non-medical
organizations. Cochrane is the leading organization that publishes health-related PLSs. To be

included in the Cochrane Database of Systematic Reviews, a PLS is necessary for every SR
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(80). This practice has not been systematically adopted by other scientific domains. Given
that the medical field is currently the leading producer of SRs, this may explain why the total
number of published PLSs is so drastically different between the organizations. An additional
limitation is that we employed different methods for assessing conclusiveness in both groups.
Even though we initially planned to use the machine learning tool for all PLSs, careful
examination of the results revealed that the tool lacks accuracy when applied to non-medical
PLSs. This may be due to the fact that the tool was trained specifically on medical literature,
which could result in its lack of precision when classifying non-medical PLSs. We, therefore,
manually categorized and validated non-medical PLSs. On top of that, we divided PLSs into
two groups exclusively according to the publishing organization. It is important to note that
this may not be completely accurate, as both the Campbell Collaboration and 3ie periodically
provide SRs related to health topics. The majority of non-medical organizations' content
consists of social and behavioral programs, societal concerns and regulations, occupational
safety and productivity, training programs, well-being and welfare services, and legal systems

and implementation of the law.

5.2.3 Strengths of the study

This study has several strengths which improve its reliability. While previous studies
analyzing different characteristics of PLSs have only included those pertaining to a single
medical specialty, we included all the latest versions of PLSs of SRs published by Cochrane,
Campbell Collaboration, and 3ie, irrespective of the specialty or subcategories of topics
within the databases, thus ensuring a robust selection process. Furthermore, using a machine-
learning technique for medical PLSs’ classification has various advantages over manual
categorization. They include increased efficiency in handling large volumes of data quickly,
guaranteeing consistency and precision in making predictions (thus reducing human error and
bias), and the ability to adapt to specific research aims, thereby enhancing the overall quality
of a study. Additionally, there is a lack of studies assessing these outcomes in PLSs published

by non-medical organizations, which was addressed in our study.

5.2.4 Suggestions for future research

Qualitative studies should be conducted to identify the factors that led to the disparity in the

number of words between the two groups of PLSs, as well as to make firmer conclusions on
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the reasons behind the disparity in the emotional characteristics between the groups.
Furthermore, more research is required to decide on the optimal tone and simplification of the
PLSs to engage the readers. The possibility for advancement may lie in the utilization of
language models like ChatGPT (https://chat.openai.com/) or BERT
(https://doi.org/10.48550/arXiv.1810.04805), which are expected to become more integrated

into daily life in the future. Additionally, writers need to exercise caution when simplifying
language in PLSs to ensure that the findings of the PLSs are not altered. Therefore, further
research is required to determine whether reducing the reading levels affects the message
quality from a PLS. Moreover, in order to save time and resources while improving the
readability of messages for the public, future research might investigate the application of

large language models.

5.3 Integrating Findings, Implications, and Future Directions

Our results highlight the significance of evidence-based decision-making in clinical practice.
The healthcare workers' and consumers’ consideration of different study designs as equally
adequate for evaluating treatment effectiveness suggests a possible misinterpretation or lack
of knowledge regarding the evidence hierarchy. This underscores the critical need for
targeted interventions to improve scientific literacy among healthcare workers, particularly
those responsible for making decisions about treatment, as well as patients involved in the
shared decision-making. Possible interventions may consist of training programs, workshops,
or online resources to boost comprehension of research methods, evidence hierarchy, and
critical appraisal skills. Future interventions should aim to increase healthcare workers'
knowledge of evidence hierarchies and promote the use of evidence-based guidelines to
improve patient care outcomes. The second study focuses on the quality of PLSs published
by medical and non-medical organizations. While both types of PLSs exceeded the
recommended readability level, PLSs published by non-medical organizations were found to
be more conclusive and easier for readers to understand. This suggests that non-medical
organizations could hold valuable insights into effectively communicating complex concepts

to various target groups.

Furthermore, PLSs published by medical organizations contained more words that conveyed
negative emotions, like disgust and fear, whereas PLSs published by non-medical
organizations communicated more words associated with positive emotions. These findings

highlight the importance of emotional tone in health communication and suggest that using
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more positive language may improve the accessibility and reception of medical information.
Considering the significance of PLSs in communicating research findings to various
audiences, it is essential to establish a uniform format and content for such. Ensuring PLSs
are clear and understandable across different fields and organizations may require developing
standards or templates for this purpose. Organizations may improve health literacy among
diverse populations by building on each other's strengths and improving the effectiveness of

their communication efforts.

Finally, the results from these studies highlight the complexity of knowledge translation and
communication, as well as the importance of raising awareness about scientific literacy,
improving health communication, and encouraging healthcare workers to base their decisions

on evidence.
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6 CONCLUSION

When determining the perceived sufficiency of scientific evidence for the effectiveness of an
intervention, researchers could differentiate among the types of research designs more

effectively than healthcare workers or patients.

Healthcare workers regarded observational study designs as equivalent to experimental study

designs and SRs of RCTs for deciding about treatment effectiveness.

Consumers had the lowest ability to differentiate between the six study designs. This could be
explained by the lack of education on research methodology at lower levels of education in

Croatia.

The medical and non-medical PLSs differ in terms of conclusiveness, readability, word
count, and textual characteristics. However, the underlying explanation for those disparities
remains unexplained. Nevertheless, these differences might be explained by variations in

publication methods or differences in the relevant disciplines.

Both non-medical and medical PLSs remain to be written below the recommended level of
readability, which can lead to misinterpretation of the study results, the spread of false
information, and the exclusion of certain groups of readers. An important issue is whether the

suggested degree of readability can be achieved without compromising the findings.

Overall, our study may help PLS readers better understand and engage with the scientific
information, which, in turn, improves their decision-making abilities and may have

significant implications for the field.
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7 SAZETAK

Ciljevi: Ovo istrazivanje imalo je za cilj procijeniti 1 ispitati razliCite aspekte dokaza
potrebnih za donoSenje dobro informiranih zdravstvenih odluka, kao i kvalitete laic¢kih
sazetaka (PLS) koje objavljuju medicinske i1 nemedicinske organizacije. Cilj je bio
empirijskim istrazivanjem pridonijeti razumijevanju ove teme i ponuditi vrijedne uvide u

podrucja zdravstvene komunikacije i odlu¢ivanja temeljenog na dokazima.

Metode: Proveli smo dva presjecna istrazivanja (anketno i metodolosko). Ukljucili smo
razli¢ite dionike zdravstvenog sustava (znanstvenike, lije¢nike i pacijente) i analizirali sve
PLS-ove iz najnovijih verzija sustavnih pregleda koje su objavili Cochrane (medicinski),
Campbell Collaboration i International Initiative for Impact Evaluation (nemedicinski).
Procijenili smo razumijevanje dionika o hijerarhiji dokaza te zakljucivast, Citljivosti i1

tekstualne karakteristike PLS-a.

Rezultati: Znanstvenici su bili najsposobniji za razlikovanje ustroja istrazivanja, dok
pacijenti i lije¢nici nisu razlikovali opservacijska istrazivanja, eksperimentalna ispitivanja i
sustavne preglede. Nadalje, medicinski PLS-ovi bili su manje zakljucivi i pokazali su slabiju
Citljivost od nemedicinskih PLS-ova. Uz to, medicinski PLS-ovi sadrzavali su vise rije¢i koje
pokazuju emocije gadenja i straha, dok su nemedicinski PLS-ovi prikazivali vise pozitivnih

emocija.

Zakljucci: Tecajevi o osnovama znanstvene metodologije trebali bi biti obvezni za niZe
razine obrazovana te ukljueni u trajno medicinsko usavrSavanje za sve dionike u
zdravstvenom sektoru. Opcenito, nasi rezultati mogu pomo¢i Citateljima PLS-ova da bolje
razumiju 1 ukljuce se u znanstvene informacije, $to, zauzvrat, poboljSava njihove sposobnosti

donosenja odluka i moZe imati znacajne implikacije za ovo podrucje.
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8§ SUMMARY

Aims: This research aimed to evaluate and examine various aspects of the evidence
necessary for making well-informed health decisions, as well as the qualities of plain
language summaries (PLSs) published by medical and non-medical organizations. The goal
was to contribute to the comprehension of this topic through empirical research and offer
valuable insights into the fields of health communication and evidence-based decision-

making.

Methods: We conducted two cross-sectional studies (questionnaire-based and
methodological). We included different stakeholders in the healthcare system (researchers,
healthcare workers, and consumers) and analyzed all PLSs from the latest versions of SRs
published by Cochrane (medical), Campbell Collaboration, and the International Initiative for
Impact Evaluation (non-medical). We assessed the stakeholders' comprehension of the

hierarchy of evidence and conclusiveness, readability, and textual characteristics of the PLS.

Results: Researchers were most capable of differentiating between study designs, while
consumers and healthcare workers did not differentiate between observational studies,
experimental studies, and SRs. Furthermore, medical PLSs were less conclusive and
displayed lower readability than non-medical PLSs. Additionally, medical PLSs contained
more words displaying emotions of disgust and fear, while non-medical PLSs displayed more

positive emotions.

Conclusions: Courses on basic research methodology should be required for lower-level
learners and included in Continuing Medical Education for all stakeholders in the healthcare
sector. Overall, our results may help PLS readers better understand and engage with the
scientific information, which, in turn, improves their decision-making abilities and may have

significant implications for the field.
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10 APPENDICES

10.1 Appendix 1: English version of the questionnaire. (Reproduced under CC BY 4

license from (60))
Scenarios about scientific research
Dear Sir or Madam,

Before you is a survey used as a research instrument for the project " Professionalism in
Health: Decision Making in Practice and Research — ProDeM" financed by the Croatian
Science Foundation (IP-2019-04-4882), which is carried out at the Faculty of Medicine of the
University in Split. In this study, we want to find out how you evaluate information about

health and the ways in which you evaluate the effectiveness of health therapies.

Your answers are completely anonymous, they will be used only for research purposes and

analyzed on a group level, and only researchers will have access to your data.
The survey is voluntary and intended for all adult citizens of the Republic of Croatia.

If you do not want to participate in the research, you are free to stop filling out the
questionnaire at any time, and your data will not be taken into account during the analysis if
you do not wish to do so. The study was approved by the Ethics Committee of the University
of Split School of Medicine, Class 003-08/21-03/0003 No. 2181-198-03-04-21-0084.

For further information about the research, you are free to contact the research manager

Nensi Caci¢ via email: nensi.cacic @mefst.hr.

Please read the offered scenarios and questions and answer them by choosing the offered
answers in the provided place. We sincerely appreciate your feedback and thank you for your

patience and affability.

1. I agree to participate in this research.
o Yes

o No
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2. How old are you? (please state only the number)

3. Gender:
o Male
o Female

4. Completed level of education:

O

O

O

Primary school
Secondary school
College
Undergraduate school
Graduate school
Postgraduate school

Currently a university student

5. Occupation (choose the one in which you spend the most time)

O

O

Healthcare worker (MD or DMD) — currently employed, unemployed or retired
Researcher — had a PhD from the field of Biomedicine and Health in the last two
years OR at least one scientific paper from the field of Biomedicine and Health
published in the last year

I do not have an occupation, I am currently studying

Other (please state):

6. Position within the faculty: *only for researchers

O

O

(@)

Scientific and teaching staff
Teaching staff

Scientific staff
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7. Do you have a PhD?
o Yes

o No

8. Have you published a scientific paper in the last year?
o Yes

o No

9. What year did you get your doctorate? (please state only the number of the year)

On the following pages, you will be shown 6 scenarios of scientific research. Please read

them carefully and answer the two questions below each scenario.

Scenario

This research aimed to evaluate the effectiveness of Drug X in relieving pain within a week

after tooth extraction.

A participant is a 45-year-old male who came to the dental office complaining of pain in the
lower jaw area on the right. In the medical history, he states that his lower first molar on that
side has occasionally had spontaneous pain for the past month and that the day before he ate

cherries and bit the pit with that tooth.

Examination of the mouth revealed a deep caries on the lower right first molar, and it was
evident that the tooth had cracked from the crown to the root. An X-ray of the tooth showed
inflammation under the root of that tooth and a tooth fracture that reached the bottom of the
root. After that, the tooth was extracted, the alveolus was cleaned, and the patient was sent

home.

As the occurrence of pain was expected for the next few days, the patient was recommended

to drink painkiller Drug X twice a day (every 12 hours) for seven days and was asked to
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record his pain level on a scale of 1 to 10 four times a day (1 hour before taking Drug X and 4

hours after).

After a week, the patient returned to the office for a check-up. The subject states that the pain
significantly decreased within 4 hours after taking medicine and does not mention side effects

related to taking the therapy.

10. In your opinion, what level of evidence does this scenario provide for the effectiveness of

Drug X?
(it provides no (it provides all
evidence) the evidence)
1 2 3 4 5 6 7 8 9 10
o} o} o} (0] (0] (0] o} o} o} o}

11. How effective is Drug X?

(not at all (it is completely
effective) effective)
1 2 3 4 5 6 7 8 9 10
(0] (e] (0] (@) o o o (0] (0] (@]
Scenario

This research aimed to evaluate the effectiveness of Drug X in alleviating pain in the

temporomandibular (chewing) joint area.

Four participants (two men and two women) participated in the research. All participants had
pain symptoms in the temporomandibular (chewing) joint that occurs in the morning. The
female participants were 43 and 29 years old, and the male participants were 64 and 32 years
old. One female participant suffered from and was taking therapy for epilepsy, and the other
had given birth 6 months prior and was currently breastfeeding. One male participant wore
total dentures, and the other was infected with the hepatitis B virus. All the respondents were
absent from work due to pain in the last month and felt pain a certain number of other days in

the month. The participants were prescribed preventive medication of painkiller Drug X in
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the evening before going to bed for a month and were instructed to monitor the number of
days they felt joint pain when waking up and the number of days they were absent from

work.

After a month, the participants returned for a check-up. The first participant stated that she
missed significantly fewer days from work than the month before and felt somewhat less pain
during the past month. The second participant stated that during the past month, he did not
miss work due to pain and felt significantly less pain than in the previous month. The third
participant stated that during the last month, he missed somewhat fewer days from work and
felt somewhat less pain than in the previous month. The fourth participant stated that she

missed significantly fewer days from work during the last month and felt somewhat less pain.

The participants did not mention side effects related to taking the therapy

12. In your opinion, what level of evidence does this scenario provide for the effectiveness of

Drug X?
(it provides no (it provides all
evidence) the evidence)
1 2 3 4 5 6 7 8 9 10
©) @) ©) O o} o} @) @) @) @)

13. How effective is Drug X?

(not at all (it is completely
effective) effective)
1 2 3 4 5 6 7 8 9 10
(0] (0] (0] (@) o o (0] (0] (0] (0]
Scenario

In this study, the authors wanted to evaluate the effectiveness of painkiller Drug X in adult

patients suffering from periodontitis Stage 3, Grade B, who rated their pain as 4 or more on a
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scale of 1 to 10, and who were taking painkiller Drug X as directed by periodontology

specialists regularly in the last year.

Twenty-five periodontology specialists from the Republic of Croatia distributed the survey to
their patients (who meet the criteria for inclusion in this study) when coming for a pre-
arranged check-up. The survey consisted of questions related to health-related quality of life

and pain assessment after using the assessed drug.

Finally, 267 participants completed the survey (125 men and 142 women).

The results show that 75% of people felt that Drug X helped.

14. In your opinion, what level of evidence does this scenario provide for the effectiveness of

Drug X?
(it provides no (it provides all
evidence) the evidence)
1 2 3 4 5 6 7 8 9 10
o} o o} (0] o o o} o} o} o}

15. How effective is Drug X?

(not at all (it is completely
effective) effective)
1 2 3 4 5 6 7 8 9 10
(0] (@] (0] (@) o o (@] (0] (0] (@]
Scenario

The purpose of this study was to assess the effectiveness of Drug X in relieving pain.

Participants in this study were students of the University of Split School of Medicine (320
respondents, 195 women and 125 men) who stated that they had a need to take painkillers at

least once a month.
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Students were divided into two groups (160 respondents per group). The participants
themselves chose which drug and what quantity they wanted to take. When they felt the need
to take a painkiller, participants in one group took Drug X (intervention group), and
participants in the other group took the drug they usually take when they need a painkiller

(control group).

The participants were followed for three years, and at the end, they filled out a survey in
which they rated their overall satisfaction with the medicine they were taking, the
effectiveness of the medicine, the duration of effect of the medicine, and listed all short-term

and long-term side effects after taking medicine on a scale of 1 to 10.

Compared to the control group, participants in the intervention group were generally more
satisfied with the treatment. The mean score on a scale of 1 to 10 for the effectiveness of the
drug was higher in the intervention group than in the control group. Participants in the
intervention group reported a more prolonged effect of the drug and, compared to participants

in the control group, reported fewer side effects after treatment.

16. In your opinion, what level of evidence does this scenario provide for the effectiveness of

Drug X?
(it provides no (it provides all
evidence) the evidence)
1 2 3 4 5 6 7 8 9 10
@) @) ©) e} o} o} @) @) @) @)

17. How effective is Drug X?

(not at all (it is completely
effective) effective)

1 2 3 4 5 6 7 8 9 10

o} o o} (¢] (o] (¢] o o o} o
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Scenario

This study aimed to determine how effectively Drug X alleviates the facial pain left behind

after infection with the herpes zoster virus.

A total of 250 participants from the Republic of Croatia (130 women and 120 men of all age
groups) participated in this study. All participants recovered from herpes zoster infection and

had residual pain in the facial area innervated by the nerves affected by the virus.

The participants were randomly divided into two groups (125 respondents each), and neither
the participants nor the researchers knew which participant belonged to which group. One
group of participants (intervention group) took the painkiller Drug X twice a day after meals
for one month, while the other group of subjects (control group) took ibuprofen at a dose of
600 mg twice a day for one month. Daily, the respondents marked the pain level immediately
before the treatment and two hours after on a scale from 0 to 10. Also, possible side effects of

the treatment were recorded.

The results showed that participants in the intervention group had a lower pain level two

hours after treatment than subjects in the control group and had fewer side effects.

18. In your opinion, what level of evidence does this scenario provide for the effectiveness of

Drug X?
(it provides no (it provides all
evidence) the evidence)
1 2 3 4 5 6 7 8 9 10
o} o} o} (0] (0] (0] o o} o} o

19. How effective is Drug X?

(not at all (it is completely
effective) effective)

1 2 3 4 5 6 7 8 9 10

o} o} o} o (0] (0] o} o} o} o}
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Scenario

In this study, the authors searched the medical research databases in search of all studies that
compared the effect of Painkiller X with the effect of a placebo or another painkiller
(ibuprofen, paracetamol, tramadol, etc.) in people who had their wisdom tooth surgically

removed in the last 7 days.

A literature search resulted in 17 studies that included a total of 560 participants and that
compared Drug X with a placebo or another pain reliever (ibuprofen 400 mg or paracetamol

500 mg).

Nine studies compared Drug X with ibuprofen 400 mg (275 participants), five studies
compared it with paracetamol 500 mg (181 participants), and three compared it with placebo

(104 participants).

An analysis of the results of all studies was done, and the results of nine studies comparing
Drug X and ibuprofen 400 mg showed that there is moderate to high-quality evidence that
Drug X is more effective than ibuprofen 400 mg in reducing pain after surgical extraction of

wisdom teeth.

The results of studies comparing Drug X with paracetamol 500 mg showed that there is high-
quality evidence that Drug X is more effective than paracetamol 500 mg in relieving pain

after wisdom tooth extraction surgery.

Further, studies comparing Drug X with a placebo showed moderate to high-quality evidence
that Drug X is more effective than placebo in relieving pain after wisdom tooth extraction

surgery.
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20. In your opinion, what level of evidence does this scenario provide for the effectiveness of

Drug X?

(it provides no

evidence)
1 2 3
(0] (0] (0]

21. How effective is Drug X?

(not at all

effective)
1 2 3
(0] (0] (0]
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10.2 Appendix 2: Ten most frequently used words in the included PLSs, presented for

each emotional category and valence

Nr. ANGER ANTICIPATION DISGUST FEAR JOY
1 limited improve larger risk improve
2 bias risk adverse adverse found
3 adverse time criminal caution majority
4 caution income abuse change income
5 violence caution finally violence child
NON-MEDICAL X -
6 youth public poverty youth providing
7 crime child excluded problem youth
8 involvement providing violent difficult resources
9 criminal youth weight criminal improvement
10 abuse prevention morbidity abuse finally
1 disease risk disease risk found
2 adverse improve adverse disease improve
3 versus time death adverse treat
4 death death treat pain receiving
MEDICAL 5 limited result uncertain death birth
6 treat medical cancer prevent good
7 uncertain treat damage surgery improvement
8 bias patient pregnancy infection safe
9 cancer receiving bleeding medical confidence
10 loss birth failure treat present
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Nr. SADNESS SURPRISE TRUST NEGATIVE POSITIVE
1 intervention larger effective intervention included
2 limited youth improve small main
3 negative assessment found risk study
4 adverse finally important limited effective
5 income present provide bias intervention

NON-MEDICAL - - -
6 violence good policy lack improve
7 problem receiving school rigorous increase
8 lower violent show negative including
9 abuse money larger adverse found
10 case weight suggest income important
1 disease death found risk found
2 adverse treat effective small study
3 pain uncertain important disease included
4 death receiving improve adverse question
MEDICAL 5 surgery good medical pain effective
6 limited chance treat versus important
7 treat randomly provide death imporve
8 intervention present hospital limited including
9 cancer receiving bleeding medical confidence
10 loss birth failure treat present
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