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Introduction: Effective communication of COVID-19 information involves clear
messaging to ensure that readers comprehend and can easily apply behavioral
recommendations. This study evaluated the readability, understandability, and
actionability of public health resources produced by the four provincial
governments in Atlantic Canada (New Brunswick, Newfoundland and Labrador,
Nova Scotia, and Prince Edward Island).

Methods: A total of 400 web-based resources were extracted in June 2022 and
evaluated using the Flesch-Kincaid Grade Level, CDC Clear Communication Index,
and the Patient and Education Materials Assessment Tool. Descriptive statistics
and a comparison of mean scores were conducted across provinces and type of
resources (e.g., text, video).

Results:  Overall, readability of resources across the region exceeded
recommendations, requiring an average Grade 11 reading level. Videos
and short form communication resources, including infographics, were the
most understandable and actionable. Mean scores across provinces differed
significantly on each tool; Newfoundland and Labrador produced materials that
were most readable, understandable, and actionable, followed by New Brunswick.

Discussion: Recommendations on improving clarity of COVID-19 resources
are described. Careful consideration in the development of publicly available
resources is necessary in supporting COVID-19 knowledge uptake, while reducing
the prevalence of misinformation.

KEYWORDS

health literacy, knowledge translation, communication COVID-19, health information,
health communication

1. Introduction

Since the onset of the COVID-19 pandemic, there has been an immeasurable need
for scientific information related to virus transmission and prevention. The path of this
information from research to policy to practice has proceeded under the attentive eye of
the public. Communicating best practices about COVID-19, including the importance of
handwashing, vaccination, and wearing masks, has been vital to disease prevention and
protecting individuals who are considered more vulnerable to severe outcomes (Basu and
Dutta, 2008; Ng et al., 2022). However, misunderstandings and barriers to evidence-based

01 frontiersin.org


https://www.frontiersin.org/journals/communication
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://www.frontiersin.org/journals/communication#editorial-board
https://doi.org/10.3389/fcomm.2023.1006784
http://crossmark.crossref.org/dialog/?doi=10.3389/fcomm.2023.1006784&domain=pdf&date_stamp=2023-05-12
mailto:kjkelly@upei.ca
https://doi.org/10.3389/fcomm.2023.1006784
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcomm.2023.1006784/full
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org

Kelly et al.

information have, in part, led to an info-demic scattered with
misinformation (Solomon et al., 2020).

Ensuring the accessibility of COVID-19 public health
messaging requires consideration of the general public’s ability to
“access, understand, and use information to promote and maintain
good health”, otherwise known as health literacy (Nutbeam, 2008).
General guidance on the recommended reading level of publicly
available health information suggests that material should not
exceed a grade 5-8 reading level, or that of an 11- to 12-year old
(The National Work Group on Literacy Health, 1998; Cotugna
et al., 2005). Various tools exist to assess the readability of written
materials, including (but not limited to) the Flesch-Kincaid
Grade Level (Kincaid et al,, 1975) and the Simple Measure of
Gobbledygook (Fitzsimmons et al., 2010).

Beyond readability, factors related to health literacy include the
ability to understand and actionize information. Understandability
refers to the degree to which health information can be easily
comprehended. Actionability of materials emphasizes one’s ability
to identify what to do with information and how to execute
recommended behaviors (Agency for Healthcare Research Quality,
2020, p. 1).

Social distancing and isolation measures throughout the
pandemic led to a reliance on the Internet and other virtual media
modalities (e.g., television) to convey evidence-based messaging
about pandemic measures. Recent analyses of materials from
national (Worrall et al., 2020) and regional (Khan et al., 2020;
Mani et al.,, 2021) health authorities, such as the US Centers for
Disease Control (Bothun et al., 2022), suggest that much of the
available information on COVID-19 is unreadable to the average
person. This accessibility barrier has significant implications for
equity, particularly with regards to the disproportionate rate of
severe outcomes from COVID-19 in Black, Indigenous, and other
minority ethnicities (Khan et al., 2020).

Misinformation related to COVID-19
important factor in the perpetuation of vaccine hesitancy, which

is considered an

is the delay or refusal to become vaccinated (MacDonald and
SAGE Working Group on Vaccine Hesitancy, 2015). Inappropriate
readability of health information material may be an influential
factor in vaccine hesitancy (Mani et al., 2021; Okuhara et al,
2022), as material requiring an advanced reading level could be
misconstrued (Szmuda et al., 2020). High levels of health literacy
are positively associated with vaccine confidence (Duong et al.,
2021), such that low health literacy may predict vaccine hesitancy
(Lorini et al., 2018), and may be a mediating factor between health
system distrust and COVID-19 vaccine uptake (Turhan et al,
2021). As a result, improving health literacy, such as through
increased access to clear, evidence-based information, may improve
uptake of the COVID-19 vaccine (Zhang et al., 2021).
Observations that publicly available COVID-19 information
is unclear and exceeds appropriate readability levels have been
made in public health departments in the United States (Mani
et al, 2021), government and community organizations across
English speaking countries (Worrall et al., 2020); and international
health authorities, such as the World Health Organization (Yeung
et al., 2022). This lack of clarity and accessibility impacts effective
information dissemination to the public. Despite the inclusion of
Canada in a combined international assessment of content, to our
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knowledge, the evaluation of material from Canadian provincial
governments has not been investigated.

We chose to focus our evaluation of COVID-19 information
within the four provinces in Atlantic Canada: Nova Scotia
(NS), New Brunswick (NB), Newfoundland and Labrador
(NL), and Prince Edward Island (PEI). The extent to which
materials produced by Canadian government entities is readable,
understandable, and actionable is currently unknown. This region
comprises two islands (NL and PEI) that successfully limited
inter-provincial travel during the pandemic, requiring residents
to frequently consult provincial government materials for unique
guidance on leaving and re-entering each province. At the height
of travel restrictions that required special permission to cross
provincial boundaries, government officials arranged an “Atlantic
bubble” that allowed free movement between the four Atlantic
provinces. However, residents were required to apply for passes to
move within this “bubble”; thus, provincial government websites
were the primary source of information for Atlantic Canadians.
Analysis of the readability of these websites is important in
gauging the suitability of information to Atlantic Canadians during
the pandemic.

This study aims to systematically extract and assess COVID-
19 related public health information created and disseminated by
provincial government entities in Atlantic Canada. The following
three questions guided this research. (1) What is the readability
of COVID-19-related public health information created by each of
the provincial governments in Atlantic Canada? (2) To what extent
is public health information on COVID-19 understandable and
actionable? (3) Are there measurable differences in the readability,
understandability, and actionability of materials according to
material type and targeted audience?

2. Materials and methods

2.1. Data extraction and evaluation

We reviewed the publicly available resources for COVID-19
information that was created by each provincial government in
the four provinces of Atlantic Canada. The research methodology
followed the approach used by Mani et al. (2021) to evaluate
COVID-19 information distributed in the United States.

A data extraction tool was developed and piloted using
Microsoft Excel. We consulted with an expert librarian in
health research to develop our search strategy. Two reviewers
(SD and KK) systematically searched for information related to
COVID-19 on the provincial government and health authority
websites for each province. Reviewers followed a process of
identifying the COVID-19 information section of each website,
including the Frequently Asked Questions (FAQ) or Questions
and Answers (Q&A) sections. Specifically, reviewers extracted
all resources available on the main COVID-19 hubs of each
website and continued to extract items from links within the
website until a maximum of 100 resources were procured. Three
independent searches using the terms “COVID,” “COVID-19,” and
“coronavirus” were also conducted using the websites’ internal
search bars to ensure that all relevant information was captured.
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Identified resources were evaluated against an inclusion and
exclusion criteria. We considered any type of resource, including
webpages, infographics, and videos that primarily focus on topics
related to COVID-19 and were provided in English. Resources
were excluded if the central focus was not on COVID-19 or
in a language other than English. We only included resources
that were produced by provincial entities in the four Canadian
provinces; links to information outside of these government
websites (e.g., to the Public Health Agency of Canada) were not
included. A maximum of 100 items were extracted from each
provincial government and/or health authority website due to
resource limitations.

Reviewers cataloged resources in an audit form using
Microsoft Excel and assigned an identification number to
each item. We extracted the following information from
identified
of source,

Name
date
hyperlink,

resources
date
publication update

(Supplementary material 1):
of resource publication;
title,
(e.g., print and web, infographic, video,

(e.g.,

province;
(if applicable), topic,
type of source
etc.), and audience

primary parents/guardians,

general public).

2.2. Scoring and interpretation

We analyzed written and printable resources using three
validated health literacy tools: the Flesch-Kincaid Grade Level
(FKGL) (Kincaid et al.,, 1975); the CDC Clear Communication
Index (CDC Index) (Centers for Disease Control Prevention,
2021); and the Patient Education Materials Assessment Tool
(PEMAT) (Agency for Healthcare Research Quality, 2020). Four
independent reviewers (KK, AS, SD, LM) applied these tools
to the information resources identified during data extraction.
Specifically, two reviewers applied the FKGL to the material
(KK, AS), two reviewers applied the PEMAT (KK, SD), and two
reviewers applied the CDC Index (AS, LM). A pilot test of the first
20 items from each province, using each of the three tools, was
conducted to ensure calibration between the reviewers. Inter-rater
reliability was calculated during the pilot test using the intraclass
correlation coefficient (ICC) to evaluate the measure of agreement
between the two evaluators (Winer, 1971). This analysis resulted
in an ICC coeflicient of 0.96 indicating excellent agreement (Koo
and Li, 2016). Disagreements were resolved through discussion or
consultation with a fifth reviewer (WM).

2.2.1. Readability

Readability was evaluated using the FKGL, which provides a
measure of readability in the form of the estimated grade level
required to understand material (Kincaid et al., 1975). The formula
used to calculate the score is as followed: (0.39 x total words/total
sentences) + (11.8 x total syllables/total words) — 15.59. Scores
under 8, denoting a grade 8 reading level, are considered universally
accessible with regards to readability (The National Work Group on
Literacy Health, 1998; Worrall et al., 2020).

The FKGL was assessed using a built-in tool on Microsoft
Word. Written content from included materials were copied to a
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Microsoft Word document and analyzed. As the FKGL is based on
length of syllables and considers length of sentences in its marker
of readability (Kincaid et al., 1975), special care was made to ensure
the preservation of the original material’s integrity when copying
from its original source to a Microsoft Word document.

2.2.2. Understandability and actionability

The CDC Index and PEMAT were used to evaluate the
understandability of materials, and the PEMAT was used
to determine actionability. The CDC Index is a research-
based tool that evaluates the clarity and understandability of
communication materials (Centers for Disease Control Prevention,
2021) and the PEMAT assesses the understandability and
actionability of health-related materials (Agency for Healthcare
Research Quality, 2020). We applied the Full CDC Index
to print and web-based materials (e.g., webpages) and the
Modified CDC Index to videos and short text-based items
(e.g., infographics).

The CDC Index assesses items across seven sections: (1)
main message and call to action; (2) language; (3) information
design; (4) state of the science; (5) behavioral recommendations;
(6) numbers; and (7) risk. Questions across each section are
answered by either yes or no and scored by 1 (yes) or 0 (no).
For example: “Does the material contain at least one visual that
conveys or supports the main message?” Scores from individual
sections are summed into a final score that is divided by 11
and multiplied by 100. Total scores above 90% indicate that the
material is easy to understand and use; scores at or below 89%
suggest that information resources should be revised according
to items that scored 0 (Centers for Disease Control Prevention,
2021).

The PEMAT is a guide that assesses understandability and
actionability of patient education materials (Agency for Healthcare
Research Quality, 2020). We applied the PEMAT for Printable
Materials (PEMAT-P) to text-based items (e.g., webpages) and the
PEMAT for Audiovisual Materials (PEMAT-A/V) to audiovisual
items (i.e., videos). The PEMAT-P (Shoemaker et al., 2014) has
26 questions separated into two sections: understandability and
actionability. Similar to the CDC Index, the understandability
section is further sub-divided into 6 sub-sections: (1) content;
(2) word choice and style, (3) use of numbers, (4) organization;
(5) layout and design; and (6) use of visual aids. Actionability
is assessed by questions such as, “The material breaks down
any action into manageable, explicit steps”. The PEMAT-A/V
(Shoemaker et al., 2014) follows a similar structure with two
main sections for understandability and actionability, where the
former is further divided into 5 sections: (1) content; (2) word
choice and style; (3) organization; (4) layout and design; and
(5) use of visual aids. Questions in the PEMAT follow the form
of statements which are scored using 0 (disagree), 1 (agree), or
N/A (not applicable) scheme. Scores are tallied across sections
into two final scores, each for understandability and actionability.
Higher PEMAT scores indicate more understandable or actionable
material; the PEMAT does not provide thresholds in scores for
understandability or actionability.
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2.3. Statistical analysis

Data were analyzed using SAS Studio Education Analytics
Suite (SAS, 2013). Descriptive statistics were first calculated
for each evaluation test (FKGL, CDC Index, and PEMATu
for understandability and PEMATa for actionability), across (1)
the four Atlantic provinces, (2) resource type (web or print,
infographic, video, pamphlet, or poster), and (3) target audience
(e.g., the general public, parents/teachers). The calculations
included means + standard deviation, confidence intervals, and
frequency distributions. Next, a comparison of mean scores for
each of the test responses was compared between the provinces,
and on selected types of resources (e.g., web or print), and the
audience which received the information (e.g., general public),
using a general linear model ANOVA with post-hoc least squares
means tests.

Bland-Altman plots were used to show agreement between
scores reported for the CDC Index, a measure of a reader’s level of
understanding, and the PEMAT score for understandability, within
each province. Bland-Altman is a statistical approach to quantifying
bias and agreement of continuous variables (Altman and Bland,
1983).

3. Results

Data reported in this study are based on an initial screening
of 400 public health resources published between March 2020 and
June 2022. The information was extracted between June 15 and
June 27, 2022 (see Supplementary material 2). Items were scored
using the FKGL, CDC Index, and PEMAT. A total of N = 390
resources were screened across the four provinces. Ninety-six items
were screened for the province of NS and for NL, while 99 items
were screened for the provinces of NB and for PEI. The 10
remaining resources were lost as a result of broken internet links
between the data extraction and the evaluation stages.

A review of resource type was based on the total of 390
items across the four Atlantic provinces. The results showed that
most resources were print and web-based (N = 274), followed by
videos (N = 44), posters (N = 38), infographics (N = 28), and
pamphlets (N = 8). Figure 1 presents the distribution of resource
type by province.

Ten target audiences were identified across the four provinces:
general public (N = 351), parents, guardians, or teachers (N =
10), domestic travelers (N = 8), current or recently discharged
hospital patients (N = 5), pregnant or lactating individuals (N =
4), children or youth (N = 3), domestic employers (N = 3), health
care professionals (N = 2), seniors (N = 2), and informal caregivers
(N=2).

3.1. Readability

The FKGL test, which provides an estimate of readability,
was applied to 345 print and web resources, posters, infographics,
and pamphlets. Across the provinces, the average readability of
resources were 11.26 & 3.69. Print and web-based resources scored
the highest in readability (12.18 % 3.24), followed by pamphlets
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(9.78 £ 0.87), posters (7.87 = 3.53), and infographics (6.05 = 3.86).
With regards to target audience, the readability of resources for
the three largest categories were 11.33 + 3.72 (general public);
8.34 & 2.26 (parents, guardians, or teachers); and 13.88 £ 1.78
(domestic travelers).

The average FKGL score for print and web-based resources
showed that material from PEI yielded the highest score for
readability (12.43 = 2.61) while the province of NL had the lowest
average score (10.15 =+ 3.48) (see Table 1). FKGL scores were
significant across provinces, f(3344) = 6.44, p < 0.01. Post-hoc
analysis revealed that the average score for resources from PEI
(12.43 £ 2.61) were significantly higher than NB (10.64 + 3.61,
p < 0.01) and NL (10.15 & 3.48, p < 0.01), but not NS (11.84
=+ 5.07, p = 0.3, ns). Similarly, scores from NS were statistically
different from NB (p < 0.05) and NL (p < 0.01), but not PEL
The observed difference in scores between NB and NL were not
statistically significant (p = 0.4).

3.2. Understandability

3.2.1. CDC Index

The CDC Index was applied to all 390 resources to provide
a measure of understandability. The CDC Full Index was applied
to print and web resources and pamphlets (N = 282), and the
modified version of the CDC Index was applied to videos and
short text-based resources, including posters and infographics (N
= 108). The average score for videos was the highest on the CDC
Index (69.53 £ 18.07%), followed by posters (69.12 £ 19.85%),
infographics (60.36 £ 26.63%), pamphlets (58.30 £ 6.12%), and
print and web-based resources (55.34 4 17.07%).

Resources targeting children or youth (N = 3) scored highest
for understandability on the CDC Index (78.67 & 14.02%), followed
by pregnant or lactating individuals (N = 4, 74.3 & 19.82%), health
care professionals (N = 3, 64.33 = 8.39%), domestic employers (N
= 3, 61.03 £12.33%), domestic travelers (N = 8, 60.16 = 19.50%),
parents, guardians, and teachers (N = 20, 59.24 £ 19.65%), and
then the general public (N = 337, 57.62 % 20.10%).

The combined average score across provinces on the CDC
Index was 58.03 £ 18.87%. Results from the ANOVA showed a
significant difference in scores across provinces, f (3335 = 15.06,
p < 0.01. Post-hoc analysis revealed that CDC Index scores
of resource understandability from NL (65.08 £ 16.90%) were
significantly higher than scores from PEI (60.79 £ 18.01%, p <
0.01); NS (47.42 £ 14.00%, p < 0.01); and NB (58.81 & 20.26%),
p < 0.05.

3.2.2. PEMAT: understandability

The PEMAT-P and PEMAT-A/V were applied to 389 resources,
resulting in one score each for understandability and actionability.
The PEMAT-P was applied to all text-based resources, including
print and web resources, posters, infographics, and pamphlets (N =
345), and the PEMAT-A/V was applied to videos (N = 44). Posters
scored the highest on the PEMAT for understandability (91.51 £
9.44%), followed by infographics (88.96 £ 8.92%), videos (86.57
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Material type organized by province.

=+ 11.31%), pamphlets (84.71 + 2.43%), and print and web-based
resources (71.94 4 14.83).

Resources targeting seniors (N = 2) scored the highest for
understandability on the PEMAT-U (93.8 £ 0%), followed by
children and youth (N = 3, 81.82 + 18.19%), domestic travelers
(N =8, 79.53 & 9.54%), current or recently discharged hospital
patients (N = 5, 79.15 % 16.40%), health care professionals (N = 3,
76.91 & 13.35%), pregnant or lactating individuals (N = 4, 76.91 £
0.01%), and then the general public (N = 338, 76.40 £ 17.98%).

The average score of resources across all four provinces using
the PEMAT-P or PEMAT-A/V for understandability was 59.91
=+ 16.49%. Average scores categorized by province are presented
in Table 1. Scores for the PEMAT differed significantly across
provinces [f(33sg) = 15.03, p < 0.01]. Post-hoc analysis showed
that scores for understandability from PEI (68.63 % 20.27%) were
significantly lower than NB (80.22 &+ 13.96%) and NL (83.43
+ 11.98), p < 0.01. Further, NS (73.60 = 19.75%) were also
significantly lower than NL (83.43 £ 11.98, p < 0.01).

3.2.3. PEMAT: actionability

The PEMAT-P and PEMAT-A/V were applied to resources to
determine scores of actionability. Videos scored the highest on
the PEMAT’s score for actionability (75.35 £ 21.85%), followed
by pamphlets (70.00 = 4.71%), infographics (68.62 £+ 26.58%),
posters (63.02 £ 26.87%), and print and web-based resources (46.39
+ 25.54%).

Resources targeting seniors (N = 2) scored the highest for
actionability on the PEMAT (100 % 0%), followed by children and
youth (N = 3, 75.56 £ 21.43%), health care professionals (N = 3,
66.67 £ 30.55%), informal caregivers (N = 2, 60 & 0%), parents,
guardians, and teachers (N = 21, 59.37 = 26.49%), and the general
public (N = 338, 51.85 = 31.41%).

The average score of actionability across all resources and
provinces was 52.40 & 29.80%. Individual scores by province were
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significantly different, f(33s4) = 8.13, p < 0.01. Post hoc analysis
showed that actionability scores from NB (58.92 &+ 32.28%) were
significantly higher than PEI (46.73 &+ 27.63%) and NS (43.29 £+
32.41%), p < 0.01. Moreover, actionability scores from NL (60.67
=+ 26.89%) were significantly higher than PEI (46.73 4 27.63%) and
NS (43.29 + 32.41%), however were not different from NB (58.92
+ 32.28%), p = 0.68, ns.

3.2.4. Agreement between the CDC Index and
PEMAT

Agreement in scores of understandability using the CDC Index
and the PEMAT score for understandability were evaluated using
Bland-Altman plotting. Results from this analysis are presented
in Figure 2. The results support a high degree of agreement
as indicated by the cluster of plots within the 95% confidence
range. The graph also reports an average difference between
the percent scores from the CDC Index and PEMAT score for
understandability s L = 18.06 £ 20.72.

4. Discussion

Publicly available resources providing COVID-19 information
were extracted from the websites of four provincial health
authorities in Atlantic Canada. We applied three validated tools of
health literacy (FKGL, CDC Index, and PEMAT) to the information
presented by each province in order to estimate readability,
understandability, and actionability of each resource.

Overall, the evaluated resources exceeded recommended
readability levels, with PEI and NS scoring the lowest in measures of
understandability and actionability. From the total items evaluated
(N = 390), the majority were print and web-based resources (N
= 274, 70%). Short form communication resources, including
videos (N = 44), posters (N = 38), and infographics (N =
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TABLE 1 Mean readability, understandability, and actionability score of COVID-19 public health material across the four Atlantic provinces.

Flesch-Kincaid CDC clear Patient education Patient education
grade level communication materials assessment tool materials assessment
index score (understandability) score tool (actionability)
score

Nova Scotia
Mean 11.84 47.42% 73.60% 43.29%
sd. +5.07 +14.00% +19.75% +32.41%
Min 0 0 0 0
Max 28 28 100 100
n 94 95 96 9%
New Brunswick
Mean 10.64 58.81% 80.22% 58.92%
s.d. +3.61 +20.26% +13.96% +32.28%
Min 0 14 0 0
Max 224 100 100 100
n 79 98 99 99
Newfoundland and Labrador
Mean 10.15 65.08% 83.43% 60.67%
s.d. +3.48 +16.90% +11.98% +26.89%
Min 05 18.2 50 0
Max 19.3 100 100 100
n 82 9% 95 95
Prince Edward Island
Mean 12.43 60.79% 68.63% 46.73%
s.d. +2.61 +18.01% +20.27% +27.63%
Min 13 12.50 15.40 0
Max 20.90 100 100 100
n 89 99 99 99
Main effects comparison of means =644 f=15.06 f=15.03 f=813

p <001 p <001 p <0.01 p <001

df = (3, 344) df = (3, 386) df = (3, 385) df = (3,388)

In some cases, links to material were broken before being evaluated by all three tools. Since items were evaluated by each tool independently, this resulted in some items receiving scores for one
tool (e.g., FKGL) and not others (e.g., CDC Index or PEMAT). For each of the four tests evaluated, the sample sizes are reported along with the means and standard deviations.

28), consisted of approximately 28% of all resources evaluated.
Similarly, most resources targeted the general public (N = 351,
90%), followed by parents, guardians, and teachers (N = 10, 3%),
and domestic travelers (N = 8, 2%). Scores of understandability
and actionability were highest among resources targeting specific
audiences, including children and youth, pregnant or lactating
individuals, health care professionals, and seniors, in contrast to
those broadly targeting the general public. Given the universal
impact of the pandemic, and the imminent need to share COVID-
19 information, it is not surprising that many resources were
developed for a wide audience, rather than a specific population.
However, as revealed in this study, the broader the audience to
which the information is distributed, the greater likelihood is the
risk to readability, understandability, and actionability.
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Resources across the four provinces required an average
reading level for grade 11. When separated by province, NL
had the lowest readability score, requiring a reading level for
grade 10, while PEI had the highest score, requiring a reading
level for grade 12. Importantly, the average scores in readability
across all four provinces exceeded the recommended threshold
of grade 8, suggesting that resources observed in this study were
not universally accessible from at a general literacy level (Worrall
et al., 2020). These findings are consistent with previous studies
investigating the readability of COVID-19 health information using
the FKGL (Basch et al., 2020; Khan et al., 2020; Worrall et al., 2020;
Valizadeh-Haghi et al., 2021).

COVID-19, as
epidemiologists and public health officials, poses unique challenges

a communicable disease described by
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Difference between PEMATUand CDC  Index

Bland-Altman Measure of Agreement between PEMATu and CDCIndex
All provinces combined
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FIGURE 2

between means (as a dotted red line).

Bland-Altman plot for inter-rater agreement analysis (n = 389). Limits of agreement are shown as solid, green lines, and the average difference

because the terminology used to describe events associated with
the disease is complex. Often the syntax of the information
used to develop knowledge within society includes multisyllabic
words (e.g., variant, incubation) that represent complex concepts
(e.g., period of communicability, mode of transmission). This
complexity undoubtedly influenced the increase in the reading
level required for several of the reported resources. With regard to
knowledge translation, involving consumers in the development
of public health resources is crucial to ensuring that information
is shared in a way that can be easily understood to enhance their
uptake (Tugwell, 2007; Graham et al, 2013). Approximately
60% of Canadian adults do not possess adequate health literacy
skills (Canadian Council on Learning, 2008); these rates may
be disproportionately higher for racial and ethnic minorities,
particularly in the context of language and culture (Hasnain-Wynia
and Wolf, 2010). Resources observed in this study reflected
the reading levels of high school (grades 10 to 12), however,
Atlantic Canada has the lowest functional literacy levels across
the country (Statistics Canada, 2012). Inclusion of consumers in
the development of materials may promote a process conducive
to ensuring equity, as well as clarity, understandability, and
actionability of content across diverse populations.

Scores of understandability were measured using the
CDC Index and PEMAT score for understandability. We
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evaluated the level of agreement between these two measures
on the concept of understandability using a measure of
agreement using the graphical approach suggested by
Bland and Altman. Our findings illustrated the level of
agreement between the scores on each of the CDC Index and
PEMAT for understandability of the identified information
resources. While the resources from NL scored the highest in
understandability on both evaluation tools, none of the provinces
met the criteria for a “passing” grade (i.e., over 90%) on the
CDC Index.

With regard to interpretation of the PEMAT scores for
understandability, these estimates are not compared to a threshold
but rather between samples. Here we observed that the resources
from NL (83%) demonstrated a higher level of understandability
when compared to resources from NB (80%), NS (74%), or
PEI (69%). Moreover, NL (61%) and NB (60%) had the highest
scores for actionability on the PEMAT, and were statistically
different from PEI (47%) and NS (43%). Together, these findings
suggest that COVID-19 communication materials from NL and NB
were more understandable and actionable than material from NS
and PEL

One explanation for these findings may be that NL and NB
produced a greater variety of resources in comparison to the type
of information resources produced by the provinces of PEI and
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NS (Table 1). Specifically while NL and NB produced a lower
percentage of print and web-based resources when compared with
the percentage volume produced by PEI and NS, the provinces
of NL and NB produced more short text and video information
resources, thereby adding to the variety of information from which
the consumer could access. When separated by type of resource,
short form communication resources, including infographics and
posters scored at an appropriate level of readability (grades 6
and 8, respectively). Similarly, posters scored the highest on the
PEMAT for understandability (92%), followed by infographics
(89%), and videos (87%). Not surprisingly, given its emphasis
on audiovisual communication, videos scored the highest on
actionability (74%). In all cases, web and print-based resources
scored the lowest in understandability and actionability. Taken
together, these findings suggest that short-form and audiovisual
materials, including infographics, posters, and videos, may be better
suited to promoting the understandability and actionability of
health information (Scott et al., 2009; Reid et al., 2017; Campbell
etal., 2022).

In the current study, NL not only scored the highest on
measures of readability, understandability, and actionability, but
it is also that province that led the country in COVID-19
vaccine uptake, across all age groups (Government of Canada,
2022). The association between readability of disease and vaccine-
related information and vaccine uptake is unclear (Okuhara et al.,
2022); however, there is evidence that interventions aimed at
improving vaccine literacy may impact the likelihood to participate
in immunization programs (Owais et al., 2011; Zhou et al., 2020;
Siddiqui et al., 2022). Reducing barriers to health information
to promote equity across diverse groups within the population
requires effective communication strategies using principles of
health literacy (Logan et al, 2015). While beyond the scope
of this study, communication of health information includes
consideration of content accessibility, such as through validated
closed captioning, cultural appropriateness, and accurate multi-
language translations.

When there is a lack of understanding toward health
conditions, or treatments, worse outcomes can occur, including
prolonged illness and increased resource use (Taddio et al., 2013;
Morrison et al., 2014; May et al, 2018; Cunningham et al,
2022). Poor understanding of health information can affect one’s
ability to act on behavioral recommendations and make informed
decisions (Kutner et al., 2006). One way to mitigate this, is to have
robust health information available on the internet, in a variety
of formats that are easy to understand and based on evidence.
However, more research is required to fully understand the most
effective way to deliver health information, including information
format, dissemination avenues and timing of delivery (Campbell,
2021). Improving the level of consumer knowledge of health
conditions, like COVID-19, may encourage better health decisions,
reduce stress and encourage productive conversations with health
providers by prompting questions (Yardi et al., 2018; Cunningham
et al, 2022). Furthermore, when clinicians are equipped with
credible and effective sources of information that can be easily
shared with patients and families, improved provider-patient
relationships may develop. This is crucial during a time where the
spread of misinformation is abundantly prevalent (Solomon et al.,
2020).
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Throughout the pandemic, the Atlantic region of Canada
was hailed as a “success story” as a result of reporting so few
COVID-19 cases in comparison to other jurisdictions (Wu and
Mackenzie, 2021). Yet this success was not random. On the
contrary, the lack of COVID cases was credited, in part, to strict
travel limitations and inter-provincial collaboration between public
health authorities (Cameron-Blake et al., 2021). Ever-shifting
quarantine mandates and constant changes to gathering limits
required residents to frequently consult public health resources
on provincial government websites. Individuals that failed to
adhere to public health measures faced large fines and in some
cases police intervention. The intention of these measures was
to reduce case numbers and protect the health care system;
however, a consequence of distributing information using a
rapid communication format was that the information may have
been unclear, and less understandable by many individuals in
Atlantic. These barriers to the understandability and actionability
of resources can have a notable impact on underserved populations,
who are often overlooked in health communication strategies
(Kelley etal., 2015). Ensuring equitable access to health information
begins during the development of resources.

4.1. Recommendations based on
observations

The health literacy tools used in the current study evaluated
COVID-19 resources on the readability, understandability, and
actionability of content. Overall, the information resources
identified in this study scored beyond the recommended upper
threshold for appropriate levels of literacy within a general
population. As such, the resources required necessary to ensure
understandability and actionability. In this section, we provide
recommendations to public health departments with regard to the
development of publicly accessible health information based on our
observations in the current study (see Table 2).

Among the greatest impediments to readability of the resources
identified in the present study was the overuse of acronyms,
medical jargon, and passive voice. Acronyms reduce clarity of
material and therefore should be avoided unless necessary. Medical
terms should only be used in materials to familiarize the reader
with an important concept or terminology (Centers for Disease
Control Prevention, 2021), and always defined in plain language.
For example, ambiguity regarding the similarities and differences
between a “PCR test” and “rapid test”; while use of these terms is
important to familiarize the public with multiple diagnostic tools,
resources should be clear about the meaning of these terms and
steps to actionize behaviors associated with their use. Finally, using
an active voice provides a clear and direct mode of communication,
reducing ambiguity and improving understandability (Greene,
2013).

The use of numbers and assumptions regarding readers’ ability
to conduct mental calculations also impacted the understandability
of material in this study. Numbers should always be defined and
used in a way that are familiar to the reader (e.g., whole numbers
instead of decimals). In this context, material describing time (e.g.,
to self-isolate or complete a COVID-19 test) was rarely defined in
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TABLE 2 Recommendations in the creation of public health materials.

10.3389/fcomm.2023.1006784

Recommendation Explanation

Avoid acronyms

If necessary, always spell out and define.

Avoid medical terminology

Unless used to familiarize terms or concepts with the general public, in which case terminology
should be defined in plain language.

Use active voice, avoid passive voice

Active voice is clear and direct, thus reducing ambiguity.

Present numbers in a format that is familiar to the reader

of a couch”).

Avoid decimals or the presentation of numerical content that is unclear (e.g., 1/360). Ratios should be
defined using a format that is easily understood by the public (e.g., “standing 6 feet apart is the length

Avoid need for mental calculations

Use of numerical content should not require the reader to conduct mental calculations (e.g., “isolate
for 96 h”). Material should provide examples of conversions in all instances (e.g., “96 h is 4 days”).

Make sure text-based material is at a Grade 5-8 reading level

Assess material using standardized tool (e.g., Flesch-Kincaid Grade Level (Kincaid et al., 1975) and
revise material to a grade 5-8 reading level.

a conversation that is commonly understood by the public (e.g.,
96 h is 4 days). If demonstrating numbers where calculations are
necessary, it is recommended that the material provides examples
or appropriate conversions to reduce ambiguity or confusion
(Centers for Disease Control Prevention, 2017).

We recommend that public health entities apply the tools
used in this study to ensure that materials are accessible and
easily comprehended by members of the public. For example,
the FKGL is a simple and easy-to-use measure of readability
that can be easily applied using a built-in tool on Microsoft
Word (Kincaid et al, 1975). The resulting score (equivalent
grade reading level) can be easily interpreted and adjusted
through document revision. Current recommendations suggest
that publicly-accessible materials should not exceed a grade 5
to 8 reading level (Cotugna et al., 2005). The CDC’s Everyday
Words for Public Health Communication tool is a searchable
thesaurus for translating common public health jargon into
plain language (Centers for Disease Control, n.d.); this resource
simplifies the process of ensuring appropriate readability of public
health materials.

Standardization of the health information that is delivered
online or otherwise, from trusted authorities is needed to ensure
access to current, evidence-based information (Jayasinghe et al.,
2020). It is imperative that we improve knowledge translation
strategies to improve the health literacy of consumers. For example,
knowledge translation strategies that include consumers as co-
creators who bring their unique perspectives, knowledge, or
lived experiences may improve uptake and understanding of
health materials (Shich and Hosei, 2008; Cunningham et al,
2022).

5. Limitations

Our study attempted to collect an inclusive and representative
sample of COVID-19 public health resources from across the
four Atlantic provinces. A significant limitation of this study,
however, is that only English resources were collected. New
Brunswick has two provincial health authorities, Horizon Health
and Vitalité, the latter of which provides services and resources
in French. Excluding French materials may have impacted the
generalizability of these findings to New Brunswick and throughout

Frontiersin Communication

the region. Moreover, resources were collected during a narrow
time frame in June and July 2022, which posts limitations to the
study. Although no limits were placed on the date of resource
publication, it is possible that the same collected in the current
study did not reflect the quality of material at every stage of the
pandemic. For example, the actionability of material may have been
impacted by rapidly changing recommendations (Caballero et al.,
2020).

Material in the current study was evaluated individually
according to the modality of the content (i.e., text vs. audiovisual).
As a result, some items were evaluated independent of its context.
For example, a video embedded on a webpage with text were
evaluated as separate items, yet the intent of this presentation
may have been to provide readers with different presentations
of the information. These multimedia educational interventions
(i.e., text-based information combined with audiovisual material
or images) may promote increased clarity, understanding, and
actionability of content (Coulter and Ellins, 2007; Ritzert,
2015).

Most of the resources captured within this study (N = 338,
86.89%) targeted the general public, which resulted in a skewed
dataset when compared to specific audiences (e.g., children and
youth, seniors, etc.). Our findings suggest that resources targeting
specific audiences may be more understandable and actionable than
those broadly targeting the general public, however further research
is needed to explore differences among public health resources
targeting various cohorts within the population.

Although we attempted to conduct a comprehensive search
of public health websites in the Atlantic region, internal
algorithms and our geographic location may have biased the
identification of resources on which our results are based. While
we acknowledge that our searches may have been influenced
by our web browsers, we attempted to mitigate this issue by
collecting a large sample of 100 items from each province.
Finally, we focused our study on evaluation of web-based COVID-
19 resources. Although physical resources were less common
during the pandemic, alternative modes of communication,
including through radio and television, may have produced
different results regarding the clarity, understandability, and
actionability of material. For example, resources provided by
provincial governments may have been clarified through traditional
media sources, including the Canadian Broadcasting Corporations.
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For example, PEI has identified local television and radio
media as integral to the success of varicella (Sweet et al,
2003) and meningococcal (Sweet et al, 2003) immunization
campaigns. Future research might consider investigating the
impact of the media in promoting the understandability and
actionability of public health information. Future research might
also consider extending the research lens nationally across regions
in Canada (Mani et al., 2021) to explore differences in readability,
understandability, and actionability of different types of materials
(e.g., videos).

6. Conclusion

Throughout the COVID-19 pandemic, rapid developments
in our understanding of disease prevention, transmission,
and treatment required public health officials to quickly
produce a large volume of education and awareness materials.
of
is essential to protect public health and health systems;

Communication current, evidence-based information
however, careful consideration of the thresholds related to
readability, understandability, and actionability are imperative
to developing and disseminating resources that are used
effectively. Furthermore, producing resources that are clear
and easily understood is essential to building and maintaining
public trust. Understanding the appropriateness of materials
is also essential to supporting COVID-19 communication
for information uptake and knowledge development, while
the (Campbell,

reducing of misinformation

2021).

prevalence
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