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Abstract 

Background:  A worldwide pandemic of a new and unknown virus is characterised by scientific uncertainty. How-
ever, despite this uncertainty, health authorities must still communicate complex health risk information to the public. 
The mental models approach to risk communication describes how people perceive and make decisions about com-
plex risks, with the aim of identifying decision-relevant information that can be incorporated into risk communication 
interventions. This study explored how people use mental models to make sense of scientific information and apply it 
to their lives and behaviour in the context of COVID-19.

Methods:  This qualitative study enrolled 15 male and female participants of different ages, with different levels of 
education and occupational backgrounds and from different geographical regions of Norway. The participants were 
interviewed individually, and the interview data were subjected to thematic analysis. The interview data were com-
pared to a expert model of COVID-19 health risk communication based on online information from the Norwegian 
Institute of Public Health. Materials in the interview data not represented by expert model codes were coded induc-
tively. The participants’ perceptions of and behaviours related to health risk information were analysed across three 
themes: virus transmission, risk mitigation and consequences of COVID-19.

Results:  The results indicate that people placed different meanings on the medical and scientific words used by 
experts to explain the pandemic (e.g., virus transmission and the reproduction number). While some people wanted 
to understand why certain behaviour and activities were considered high risk, others preferred simple, clear messages 
explaining what to do and how to protect themselves. Similarly, information about health consequences produced 
panic in some interviewees and awareness in others.

Conclusion:  There is no one-size-fits-all approach to public health risk communication. Empowering people with 
decision-relevant information necessitates targeted and balanced risk communication.
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Background
The COVID-19 pandemic has been characterised 
by scientific uncertainty regarding the aetiology and 
management of the disease [1, 2]. This uncertainty 
has posed a significant challenge for health authori-
ties, who are required to convey information to the 
public even in the absence of scientific consensus. 
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Under these difficult conditions, the understanding 
of mental models can be instructive [3]. Mental mod-
els are personal, inner images of external reality that 
people use to interact with the world [3, 4]. Accord-
ing to descriptive decision theory, mental models are 
used to explain how people make decisions based on 
how they perceive the surrounding world [3]. Mental 
models have been studied in relation to stakeholder 
knowledge about complex decision-making processes 
[5–7]. People’s mental models are drawn from their 
personal experiences, perceptions and understanding 
of the world, and this information is used to respond 
to risks [3].

There is an urgent need for more studies of pan-
demic health risk communication that consider the 
diversity of receivers [8]. The mental models approach 
to risk communication is one way of exploring the 
diversity of the receivers of communication, particu-
larly their comprehension, interpretation and prefer-
ences [7]. The mental models approach might assist 
in the creation of effective and tailored risk commu-
nication by identifying what the audience already 
knows or believes about an issue and then supplying 
the decision-relevant information that their mental 
models require [7]. The mental model framework has 
been found to be useful in improving participants’ 
context-specific knowledge, scientific comprehension 
[9], attitudes [10] and self-reported behaviour [11]. It 
has also been applied to the study of nonexperts’ men-
tal models of infectious health risks, such as sexually 
transmitted diseases and sexual risk behaviour [11, 
12], vaccination [13–16] and influenza pandemics [17].

The classical normative decision theories empha-
sise how people should make their decisions, and the 
descriptive decision theories describe how people 
actually make their decisions. Mental models are a 
descriptive decision theory to gain insight into how 
people make decisions based on how they perceive 
their surrounding world [5]. However, the focus of 
mental model studies related to health risk has been 
largely on the content of communication (i.e., improv-
ing comprehension and knowledge and correcting 
misconceptions). However, to design effective risk 
communication interventions, the communication 
process also matters (i.e., preferred modes of com-
munication, sources, and learning styles) [8, 18]. This 
study explored how people use mental models to make 
sense of scientific information and apply it to their 
lives and behaviours in the context of COVID-19. Spe-
cifically, our research question was “How does a sam-
ple of Norwegian citizens perceive, act on and learn 
about health risk related to COVID-19?”.

Methods
The study approach was adapted from the mental models 
framework [7, 19]. The mental models approach by Mor-
gan et al. [7] is a stepwise procedure starting with the cre-
ation of an expert model and a summary of the scientific 
literature and guidelines, followed by elicitation of deci-
sion makers’ (i.e., the public’s) mental models [19]. This 
study is part of a sequential mixed method effect study 
using mental models to study the effect of public video 
health communication [8, 20, 21]. To explore the public’s 
mental models in relation to the risk of COVID-19, we 
used semistructured interviews conducted between 3 
February and 3 March 2021.

The study context
Norway’s first case of COVID-19 was identified on 26 
February 2020 [22]. Since the country’s first wave of 
COVID-19 in March–April 2020, the government’s strat-
egy has been to limit the spread of infection using the 
Testing, Isolation, Infection Detection and Quarantine 
(TIDQ) strategy and occasionally closing schools and 
kindergartens and cancelling cultural events [23]. The 
government’s goal was to contain the spread of the virus 
so that the infection rate did not exceed the capacity of 
the health and care services and the municipal health 
service [24]. Among 48 European countries, at the time 
of data collection, Norway was 46th in the number of 
total positive cases and 45th in deaths per million from 
COVID-19 [25]. At the time of data collection (Janu-
ary-March 2021), no participants had received the vac-
cine, and the alpha variant of the coronavirus (B.1.1.7) 
had started to spread, leading to Norway’s third wave of 
COVID-19.

Population and procedures
Instead of recruiting a large representative sample, it is 
recommended to recruit a small but diverse sample of 
participants (10–15 participants) when exploring men-
tal models [19]. We purposively sampled participants for 
the individual interviews to cover a wide variety of men-
tal models. People unable to provide informed consent 
(e.g., younger than 18  years of age and/or with severe 
health conditions) were excluded. The participants were 
recruited by invitation from nongovernmental organisa-
tions and using the research team’s extended network. 
All participants provided written and voluntary consent 
to participate. The study was approved by the Norwegian 
Centre for Research Data (Ref. nr 583,192).

We developed a semistructured interview guide with 
open-ended questions to explore the participants’ knowl-
edge and comprehension of COVID-19 risk, perceived 
potential effects of COVID-19, self-protective measures, 
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ways of learning about pandemic risk and issues of con-
cern [7] (see Additional file 1).

The interview guide was tested in a pilot interview, 
and the data from this interview were included in the 
analysis. To comply with national COVID-19 measures 
on maintaining physical distance, the participants were 
interviewed using video conference software (Zoom) or 
by telephone. The interviews lasted a mean (range) of 50 
(30–76) minutes. Occasional problems with sound were 
resolved by asking the participants to confirm the inter-
viewer’s interpretations during the interviews.

Interview guide development
The interview guide development was informed by pre-
vious mental models of infectious diseases spread by 
human-to-human transmission, including influenza 
[17, 26] and sexually transmitted infections/diseases [7, 
11, 27]. These studies have covered topics about disease 
transmission, exposure, mitigation, and health effects, 
which were used as a framework for the interview guide. 
Furthermore, to design COVID-19 specific questions, we 
used information published on the web pages by the Nor-
wegian Institute of Public Health (NIPH) Jan-March 2021 
[23, 28–30]. We asked about their beliefs regarding virus 
transmission, exposure, consequences and health effects, 
risk comparison, contagiousness, exponential growth and 
the R-value. In addition, we asked the participants how 
they had learned about COVID-19. The interview guide 
is found in Additional file  1. The interview guide did 
not include the topic of vaccination since the interviews 
were conducted before people were vaccinated. Quaran-
tine and isolation were excluded because their inclusion 
would have required extended ethical approval.

Analysis
The interview data were analysed following de Bruins and 
Bostroms’ mental models methodological framework, 
which compares the lay model with the expert model 
[19]. When reconciling the expert and public mental 
models (lay model), we aimed to learn how experts and 
the public perceived information differently and to iden-
tify decision-relevant information that was missing in 
people’s mental models [19]. We were also interested in 
topics that the participants themselves identified.

The expert model was based on the NIPH webpages of 
Jan-March 2021, which consisted of up-to-date epide-
miological knowledge published by the NIPH regarding 
COVID-19 and SARS-CoV-2 [30], as well as mitigation 
advice and measures [23, 28, 29].

SHB, SW, HT and MT read the transcripts and dis-
cussed their first impressions of the public interviews. 
SHB first deductively coded and organised the data 
material according to predefined codes derived from the 

expert model. Data not represented by the expert model 
were coded inductively [19]. Finally, SHB compared the 
expert model with the public model by displaying the 
codes derived from the public interviews and the key 
messages communicated by the NIPH in a table. SHB, 
SW, HT and MT discussed and validated the analysis.

Results
The sample comprised 15 Norwegian citizens (N = 7 
female and N = 8 male) who were between 19 and 
79  years old, with 13–18  years of formal education, 
from different geographical regions of Norway and from 
diverse occupational areas. The sample also included stu-
dents, people temporarily laid off, and retirees (Table 1).

Three themes emerged pertaining to the way in which 
the participants perceived and acted on health risk infor-
mation related to COVID-19 (lay mental model): virus 
transmission, exposure to risk and consequences of 
COVID-19 (Table 2).

Virus transmission
The first theme, virus transmission, describes public per-
ceptions related to how the virus enters the human body. 
It comprises three subthemes: comprehending modes of 
virus transmission, understanding terms differently, and 
acting on uncertain evidence.

Comprehending modes of virus transmission
The participants trusted the government’s advice on virus 
transmission because the national measures were based 
on expert advice. However, some expressed confusion 
over the government’s contradictory information about 
the health risk:

You do not have to have contact through body fluids 
to get it, so you do not have to drink from the same 
water bottle to get it. You can get it through breath-
ing the same air. If you are infected, you exhale 
corona particles, and then I can breathe in and be 
infected that way. But now I am very insecure. This 
is where I have actually gotten mixed messages (No. 
9, Female, 19 years old).

A rich variety of perceived modes of transmission 
was described, including droplets, air and/or con-
tact transmission. Some of the participants identified 
transmission modes not regarded as significant by the 
NIPH, such as food, clothes and faeces. NIPH singled 
out droplet transmission as the most important mode 
of transmission and communicated that airborne trans-
mission and contact transmission existed but were 
nonsignificant means of transmission. However, many 
of the participants believed in multiple equally impor-
tant means of transmission or identified air as the main 
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route of transmission. The participants described trans-
mission in ways that could be categorised as: a) mainly 
droplets; b) mainly through air (aerosol); c) a combina-
tion of droplets and contact; d) a combination of air-
borne and contact; or e) a combination of droplets, air 
and contact (Fig. 1).

Some of the participants showed an understanding of 
presymptomatic and asymptomatic transmission and 
emphasised the importance of this knowledge for their 
understanding of why they had to maintain distancing 
even from family members and why people had to quar-
antine. However, the participants did not necessarily 

Table 1  Sample Characteristics

No Gender Age Education and occupation City

1. (pilot) F 32 Physiotherapist, temporarily laid off Western city and 
the Netherlands

2 F 67 Nurse, retired Eastern city

3 M 67 Engineer, retired Small western city

4 M 49 Master’s degree, computer engineer Western city

5 F 79 Nurse, manager, retired Western city

6 F 65 Nurse assistant, retired Eastern town

7 F 19 First-year university student Northern city

8 F 19 First-year university student Northern city

9 F 19 First-year university student and kindergarten 
assistant

Northern city

10 M 27 High school education, NGO worker Northern city

11 M 37 High school education, firefighter Small southern city

12 M 32 Airline pilot, temporarily laid off Small southern city

13 M 51 Farmer, agronomist Western town

14 M 34 Chef, offshore worker Small eastern city

15 M 22 Electrician Western town

Table 2  Themes and Subthemes

Virus transmission Risk mitigation Consequences of COVID-19

Comprehending modes of virus transmission Affecting exposure to risk Building situational awareness

Understanding terms differently Learning about mitigation in different ways Perceiving personal health conse-
quences differently

Acting on uncertain evidence Being driven by symbolic values Emphasising secondary consequences

Fig. 1  NIPH information about the main modes of COVID-19 virus transmission versus participants’ perceptions of virus transmission
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receive this information from the government but rather 
from friends.

Some missed this information regarding how the virus 
entered the human body to understand how they could 
better protect themselves:

How do we get infected? How is it happening? So 
that you know how to be safe. Droplet infection, for 
example, is it enough to just turn away? Do you 
have to wear a face mask or just keep your mouth 
shut there and then? (No. 6, Female, 65 years old).

Understanding terms differently
Half of the participants did not use the terms “droplet 
transmission”, “airborne transmission” or “contact trans-
mission”, which were used by the NIPH (Table 3).

Instead, the participants emphasised behaviours for 
how transmission occurred, such as spitting, hugging, 
kissing, touching, or talking. The participants also often 
understood the terms differently from the formal NIPH 
definitions but did not have any awareness of doing so. 
Some of the participants associated droplet transmission 
with the transmission of saliva through kissing or touch-
ing, but they did not include droplets emitted from the 
infected person’s mucous membranes through coughing 
or sneezing. Some of the participants struggled to under-
stand the difference between droplet and airborne trans-
mission since both consist of droplets travelling through 
the air, leading to confusion when the media used these 
terms. Although the NIPH included hugging and kiss-
ing in its definition of (direct) contact transmission, these 
behaviours were not associated with “contact transmis-
sion” by any of the participants but rather with “droplet 
transmission”.

Acting on uncertain evidence
The participants had different perceptions of the uncer-
tain evidence about virus transmission. For some of the 
elderly participants, the idea of airborne transmission 
and the possible severity of COVID-19 caused fear and 
isolation. For others, the uncertainty caused them to 
search for information online, which they used to make 
daily decisions.

One woman had worked in a surgical theatre and 
observed that people occasionally did not keep sufficient 
distance, did not wash their hands properly, and used 
face masks incorrectly. She had isolated herself at home 
for a year due to a fear of death and the dreaded health 
consequences of COVID-19 and to protect her elderly 
husband from infection:

Because it’s so cold here, I can see how big the 
breathing cloud is [outdoors]. It is far behind that 
person, and then I think if there are any droplets of 
virus in that cloud, one metre of distance is way too 
little… You cannot expect that everyone should work 
in a surgical theatre to understand this, but it’s not 
difficult to comprehend when you get it visualised 
like this (No. 6, Female, 65 years old).

Many of the participants expressed uncertainty over 
how long the coronavirus could survive on metal, clothes, 
and food. Most of the participants acted on generic 
advice from the health authorities, such as maintaining 
distancing, washing their hands, and avoiding touch-
ing public surfaces. However, they described a need for 
more specific knowledge to apply the advice to daily life. 
Some searched for information about virus transmission 
from nongovernmental and informal sources, despite its 
scientific uncertainty. One man avoided touching metal 
surfaces; one woman started disinfecting her mobile 
phone after watching a YouTube video that depicted con-
tact transmission. A 79-year-old woman described wash-
ing her groceries to avoid transmission of the virus after 
reading a news article about the virus being able to sur-
vive on surfaces for three days:

I read online that it failed to stay alive for more 
than three days, but it could just be something peo-
ple have written online, and I knew I could not trust 
it…I think it can be transmitted through food. I feel 
insecure when grocery shopping. For example, when 
I pick up clementines in the store, usually I just put 
them in a bowl in the living room, but now I wash 
the clementines before I put them in the living room 
because, I mean, there can be a little virus on them 
even if I have to peel them, and then it gets on my 

Table 3  Descriptions derived from NIPH in January 2021

Terminology Descriptions

Droplet transmission People with COVID-19 emit droplets and particles from their noses and mouths that contain SARS-CoV-2

Contact transmission Transmission occurs either directly through contact with a contagious person (for example, by a hug or 
handshake) or indirectly through contact with other surfaces contaminated with viruses (door handles, 
light switches, handrails)

Airborne transmission Tiny virus-containing droplets/particles from the nose and mouth of an infectious person remain sus-
pended in the air for a long time and move over longer distances
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fingers. There are so many things I touch, and I think 
we are not careful enough when we buy food (No. 5, 
Female, 79 years old).

The participants expressed uncertainty over what 
happened in the “airspace” with respect to the time for 
which the virus survived in the air and the distance that 
it travelled.

Risk mitigation
The second theme, risk mitigation, describes the pub-
lic perceptions related to protecting oneself from being 
infected. Its three subthemes are affecting exposure to 
risk, learning about mitigation in different ways and 
being driven by symbolic values.

Affecting exposure to risk
All of the participants perceived that physical proximity 
to others increased the risk of exposure to the coronavi-
rus and emphasised the NIPH’s advice about maintain-
ing a 1-m distance. The participants believed that the 
risk for exposure could be affected by one’s culture (e.g., 
by participating in religious services or visiting pubs and 
cafés), hygiene knowledge or cognitive deficits (e.g., not 
understanding the severity of the risk, being a child or 
having dementia), attitudes (e.g., not caring about the 
risks to others and themselves), occupation (e.g., health 
care workers or bus drivers), activities (e.g., going to 
parties, consuming alcohol, riding on buses) and geo-
graphical factors (i.e., population density or cities with 
overcrowded housing). Environmental factors were also 
mentioned by some of the participants as vital to pre-
venting the spread of the virus (i.e., indoors/outdoors, 
large rooms, ventilation, climate).

All of the participants stated that they reduced their 
exposure to risk by keeping their distance from other 
people and washing their hands with antibacterial 
gel. In contrast to the expert model, one participant 
claimed that the risk of being exposed to the coronavi-
rus depended on static and categorical measures, such as 
talking to someone within a 1-m distance for more than 
15 min; a 10-min conversation was considered safe.

However, generic advice to keep one meter distance 
was not sufficiently to make decisions in their everyday 
life. Some of the participants emphasised that receiving 
more information about risk activities and real-life infor-
mation about infection locations, whether the activity 
was considered high risk, whether the outbreak was con-
fined to a specific social environment, and whether it was 
under control could help them to make better decisions:

How much risk do I take if I go to the cinema? How 
risky is it to go ice skating on our lake? If I know that 
it is not wise to go ice skating there, then I might keep 

more distance. There are often such things someone 
does not quite know yet. More research is needed, or 
it [spread of infection] just has to happen, and then 
there will be results. When you do not know, it turns 
out that you just act and don’t think. One does not 
know what is worse than other things (No. 1, Female, 
32 years old).

One 49-year-old man explained that receiving such 
information was important for him to make his own risk 
assessment and to be empowered to adapt:

This virus does not seem to disappear. Then, every-
one needs to be able to assess the risk in the situa-
tion and make their own choices because that is 
what society is used to. It is life threatening, and 
we all make our own choices on where we take risks 
and where we do not take risks. That is the normal 
situation. This is not just a matter of sitting still in 
the boat until the storm is over. There are waves on 
the sea all the way, so we have to learn to navigate 
through the waves… I can make many safe choices 
without having to lock down my whole life and just 
sit inside a room if I had more knowledge about the 
kinds of situations in which infections occur (No. 4, 
Male, 49 years old).

Learning about mitigation in different ways
NIPH communicated what mitigation measures people 
should follow. The participants expressed the need to 
comprehend both the what, why and how of COVID-19 
mitigation and expressed a variety of ways of learning 
about this topic.

Health risk information related to COVID-19 was 
sometimes perceived as confusing, complicated, rapidly 
changing, and variably practised across regions. Some 
participants expressed frustration with the political 
debate over pandemic management. Nevertheless, the 
participants acknowledged the complexity and uncer-
tainty of pandemic management and expressed a gener-
ally high level of trust in the government and the health 
authorities’ (NIPH) risk communication since they were 
believed to provide the best foundation for decisions 
regarding COVID-19 mitigation.

Most of the participants reported that the government 
and the NIPH had been successful in communicating the 
core mitigation measures regarding what to do through 
mass media (e.g., press conferences, NIPH webpage) 
using familiar words and facts. However, many of the 
participants further noted the importance of compre-
hending the why, the reasons for the national and local 
restrictions and advice (e.g., why isolate, why vaccinate, 
why quarantine, why wear a face mask, why keep only 
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one metre of distance and not two, why allow one activity 
and not another), as well as the effects of some of these 
measures, such as the effects of wearing a mask and get-
ting the vaccine.

To accept action based on government advice, the par-
ticipants needed to comprehend the reasons for the deci-
sions, especially for restrictions and advice that changed 
over time:

I think it is very important that people understand 
why it is important to keep your distance, why it is 
important to wear a face mask because if you under-
stand the reason why you should act the way you 
act, then it will be a little easier to keep your dis-
tance. I do it because the infection rates have to go 
down (No. 7, Female, 19 years old).

Many of the participants perceived that the govern-
ment and the NIPH managed to explain the reasons for 
the advice and the restrictions, while others required 
deeper comprehension. Some of the participants sought 
informal sources, such as specific journalists, Snapchat, 
or YouTube videos, in which complex science informa-
tion was translated into comprehensible, actionable and 
clear messages. Others sought primary sources and sci-
entific evidence verified by multiple sources (e.g., scien-
tific articles, WHO and NIPH webpages) because they 
endeavoured to understand the foundational evidence 
for the decisions made by the government and thereby 
to comprehend the reasons for the government’s restric-
tions and mitigation advice:

It is easier to rely on information that has been veri-
fied from several sources to understand the motiva-
tions of those who provide the information. I appre-
ciate clear and in-depth information, and that it is 
really the web and things that are published from 
official sources, and of course, you have to take it 
for what it is. But then you have the opportunity to 
assess it. If it comes in a Snapchat message, it would 
not have helped me very much. I prefer real, verifi-
able information, and I would rather have it written 
than in videos (No. 4, Male, 49 years old).

Some of the participants felt overloaded with infor-
mation related to restrictions, and they were not able 
to remain updated, focusing instead on information 
relevant to their daily lives or work situations, and they 
expressed a need for practical yet correct information 
about how to implement the mitigation measures (e.g., 
how to maintain distance on a bus, when to quarantine, 
how to interpret travel rules):

I would like information on how they think I should 
keep one metre away on a bus because when you sit 

right in front of someone, it is not one metre. You 
have to try around rush hour, but it’s a bit difficult. 
You structure the day about the same as others (No. 
8, Female, 19 years old).

These participants insisted on a need for easily acces-
sible, up-to-date online information available to com-
prehend the messages and on having someone to explain 
and interpret how to act on the restrictions.

Being driven by symbolic values
Simply understanding the importance of social distanc-
ing and hand washing was not always considered suffi-
cient for the participants to protect themselves from the 
virus. Their daily decision making to reduce exposure to 
risk was sometimes driven by symbolic values rather than 
a lack of knowledge. The use of face masks and antibacte-
rial gel in food stores were perceived as symbols of trust 
(i.e., ways to show others that they followed the mitiga-
tion rules), as well as symbols of distrust, since some peo-
ple protected themselves due to a lack of trust in others 
complying with the infection control measures:

What to do, it’s a feeling you get. If you’re in a shop, 
you disinfect your fingers, and you may not have 
touched anything, and then you go into a new store, 
and you disinfect your fingers again. I feel that’s 
maybe done more for the public, those around me. 
But it is based on how I look at people who do not do 
the same because I do not know if they have been to 
any other places before. So you kind of feel that you 
are a bit obliged to do it, even if you have already 
done it. But it is to set an example and show that 
you do it yourself (No. 11, Male, 37 years old).

Consequences of COVID‑19
The third theme, the consequences of COVID-19, 
describes the public perceptions related to individual 
and societal consequences of the pandemic, divided into 
three subthemes: building situational awareness, perceiv-
ing personal health consequences differently and empha-
sising secondary consequences.

Building situational awareness
Some participants found that an early understanding that 
“this is not a seasonal flu” was important to understand-
ing the severity of the risk.

First and foremost, it is important to really under-
stand the seriousness, and that happened when we 
went into lockdown. Then, you understood quite 
quickly that this is not really the flu. It’s a little more 
serious (No. 8, Female, 19 years old).
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All of the participants believed that COVID-19 had 
more serious health consequences than seasonal flu. 
With regard to contagion, only half of the participants 
believed the coronavirus was more contagious than the 
seasonal flu. Compared with the seasonal flu, COVID-19 
was perceived to cause greater mortality and morbidity 
for those at high risk and even for healthy individuals. 
The variable courses of illness, from being asymptomatic 
to suffocation and death, even for healthy people, caused 
some of the participants to perceive the individual health 
risk as unpredictable and severe for all age groups. Lack 
of immunity, the potential for anyone to become danger-
ously ill, the lack of a vaccine and the global spread of 
the virus were reasons that COVID-19 was perceived as 
more severe than the seasonal flu.

The participants reported difficulties assessing the 
contagiousness of the coronavirus due to a lack of wider 
generic knowledge about viruses and their contagious-
ness. Furthermore, many described their perception of 
the contagiousness of COVID-19 changing during the 
pandemic. Furthermore, the emergence of viral variants 
demanded new understanding and revisiting of assump-
tions. The participants’ perceptions about contagiousness 
were affected and constantly changed by the information 
that they received from the government, health authori-
ties and other sources of information.

The participants mentioned the consequences for indi-
viduals at risk for severe consequences due to catching 
COVID-19 and the consequences for society as vital to 
their situational awareness. Several of the participants 
perceived that the main danger of the virus was over-
load on the health care system and loss of control of the 
spread, and they described catastrophic scenarios from 
other countries:

If too many of us become ill, the more people will 
need intensive care and a respirator. I think the 
authorities are most afraid of the burden on the 
healthcare system. This is the major consequence 
that we see from other countries. I think the authori-
ties are very concerned about keeping control so that 
we do not have a burden in society where ambu-
lances have to stand in line to get patients in (No. 2, 
male, 67 years old).

Protecting older people and people with underly-
ing diseases were the participants’ main motivations 
for undertaking infection mitigation measures. Hav-
ing a family member who was at high risk for becom-
ing severely ill or dying due to COVID-19 changed their 
views about the risk.

Understanding the individual and societal conse-
quences of COVID-19 was important for building situ-
ational awareness of the severity of the crisis and creating 

motivations to respond, both in the response and in the 
long-term phase of the pandemic. However, many par-
ticipants struggled to remain compliant after living 
almost a year under mitigation measures. They strug-
gled to keep up with the constant changes in local and 
national restrictions, felt disengaged when watching the 
same types of press conferences with the same spokes-
persons talking about infection numbers in front of the 
same backgrounds and felt fatigued by listening to the 
same messages that described maintaining social distanc-
ing and using face masks. Many wanted the government 
to create awareness that the pandemic could last for a 
long time, and they required emphatic acknowledgement 
of citizens’ efforts so that they would be able to remain 
motivated until the population had been vaccinated. 
Some described a need for mental visualisation of an end 
to the crisis or believable messages about social distanc-
ing and lockdowns well into the future.

Half of the participants expressed that the basic repro-
duction number (R-value), which was repeatedly com-
municated in the media, helped them to build situational 
awareness about the risk of losing control of the out-
break; however, they complained of a lack of knowledge 
of the full meaning of the R-value. Some misunderstood 
the term as a correlation coefficient or the number of 
people reinfected with COVID-19.

The term “exponential growth” was perceived as a dif-
ficult concept to comprehend, and the participants stated 
that communications about the rapid spread of the virus 
and its consequences were more important than the use 
of the actual scientific term “exponential growth”.

Perceiving personal health consequences differently
The participants had a variety of perceptions of com-
munications regarding individual health consequences 
and the disease itself. Some of the participants wanted 
to know more about the disease and its long-term health 
consequences; others reported that this type of informa-
tion elicited fear and excessive worry.

A 34-year male participant claimed that knowledge 
about long-term consequences was important to perceive 
the risk seriously:

What I miss most is information about the long-
term effects of getting COVID-19 because I know 
nothing about it. I know what I am supposed to do, 
or really, I know quite a lot about what I should do, 
but I don’t know anything about the long-term dam-
age for the younger population. If we could also get 
long-term damage from it, then I think people would 
have taken it even more seriously (No. 14, Male, 34 
years old).
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The participants’ varying perceptions of personal 
health consequences were illustrated by two participants 
who described their reactions to the same documen-
tary about elderly people hospitalised with COVID-19. 
Watching the documentary made one of the partici-
pants, a 65-year-old woman, so fearful that she had iso-
lated herself in her home, afraid that the virus would kill 
the entire population of sick and elderly people. Another 
viewer, a 27-year-old man, claimed that the documentary 
had made him feel better informed about the possible 
consequences of the virus for the elderly members of his 
family:

I don’t want information about personal health con-
sequences. I feel like I know it’s [COVID-19] very 
dangerous. I have seen the documentary Helene 
Checks In from a corona ward. After that, I was 
really scared. Since then, we have been almost com-
pletely isolated because it was absolutely cruel. It’s 
worse than COPD. They cannot breathe more than 
one way, and I saw the panic in their eyes when they 
tried to talk. It’s a terrible disease (No. 6, Female, 65 
years old).
The Helene Checks In documentary made me think 
that it could have been very serious, especially if I 
was older, or for my parents because then I could see 
the outcome for older patients, especially an older 
man. He seemed very nice and upbeat, but he could 
not breathe and talk due to his respiratory prob-
lems. It made me think of my family then (No. 10, 
Male, 27 years old).

Emphasising secondary consequences
The participants noted the secondary consequences 
when discussing the major risk of COVID-19. They wor-
ried about personal and global economic consequences 
due to the loss of income and jobs and the consequences 
for the social lives and mental health of children, elderly 
people, and students:

What’s important is that the wheels keep going 
because being a farmer and a gardener, the biologi-
cal processes go on continuously, whether its corona 
or not. The plants are growing, and the cows need to 
be milked (No. 13, Male, 51 years old).

Many struggled with loneliness, isolation, and a loss of 
freedom, and they were tired of living under strict infec-
tion control measures:

This is rough for single people, and they don’t have 
to be old. Many who have kids at home and try to 
manage this, they are having a hard time. And not 
to get out and touch a living human being is tough. 

I have some unmarried and widowed friends. They 
cannot even touch a man. That’s actually what life is 
about (No. 5, Female, 79 years old).

As the pandemic dragged on, some of the participants 
reported that they struggled with socially distancing 
from friends and from relatives. Some of the participants 
described making trade-offs between competing goals 
and values (i.e., reducing exposure to the virus and seeing 
friends and family). A woman stated that she regularly 
had her grandchildren over for visits, even if they had 
cold symptoms. She understood that she was exposing 
herself to risk, but their childhood years were so impor-
tant to her:

If I see people coughing, I turn away. I stay away 
from people who have even small symptoms of dis-
ease, even though I have to admit that I have had my 
grandchildren over for visit with symptoms. I think 
it’s just a little cold. It is a qualified choice I make 
then. I understand that I am exposing myself to risk. 
When the minister of health said we should not be 
with grandchildren, I thought that I cannot stand a 
year without cuddling with my grandchildren (No. 2, 
Female, 67 years old)

Comparation between the lay model and the expert model
The lay model (the public model) and the expert model 
(NIPH messages) displayed in Table 4 shows how experts 
and the public perceive information differently and iden-
tifies decision-relevant information missing in people’s 
mental models and topics that the participants them-
selves identifies. The messages were communicated by 
NIPH at the time of data collection (January-March 
2021).

Discussion
Our study found that communicating complex medical 
information about risk and uncertainty is complicated by 
people perceiving and acting on the same messages dif-
ferently, having varying needs to learn about pandemic 
health risks, and having different preferences regarding 
information and modalities. Information about health 
consequences caused some people to panic and oth-
ers to feel empowered. Terms related to virus transmis-
sion, exponential growth and the R-value were found to 
be difficult for many people to comprehend in the ways 
in which they were communicated. Some of the partici-
pants wanted simple rules to follow; others preferred to 
understand why they are important. Finally, we found 
that people’s mental models changed as they learned new 
information.
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Table 4  Expert and lay model regarding COVID-19 health risk

NIPH messages Public perceptions, actions and ways of learning

Virus transmission modes
Relevant transmission modes:
• droplets
• air
• contacts

Variably mentioned:
• droplets
• air
• or/and contact
Also mentioned:
• food
• clothes
• faeces

Dominant transmission route
• Droplet transmission most likely/significant
• Airborne transmission and contact transmission exist but are nonsignifi-
cant

• Most did not separate between probable/less probable routes of trans-
mission
• Believed in multiple equal important ways of transmission

Symptomatic, asymptomatic, presymptomatic spread
• Can be infected with and transmit SARS-CoV-2 virus without developing 
COVID-19
• Can be symptomatic carriers with COVID-19
• People with COVID-19 are most contagious for 1–2 days before the onset 
of symptoms and in the first days after the onset of symptoms

• Emphasise symptomatic transmission
• Being sick without symptoms not mentioned by most but emphasised as 
vital to understand why you should keep distance and quarantine

Terminology
• Terminology used on website: contact transmission, droplet transmis-
sion, airborne transmission

• Terms not used by most of the participants
• Terms understood differently
• Talked about transmission in relations to behaviours for how transmission 
occurred:
  • spitting
  • hugging
  • kissing
  • touching
  • talking

Virus survival
• The virus can survive on surfaces from a few hours to several days
• Depends on the amount of virus, temperature, sunlight, and humidity
• The role that virus survival on surfaces plays in causing infection in 
humans is uncertain and constantly changing
• Poorly ventilated rooms increase the concentration of particles contain-
ing the virus

• Acted on evidence from informal sources, e.g., three-day survival on 
surfaces
• Few mentioned wind, climate and ventilation affected virus spread
• Many wanted more knowledge about how far droplets spread and how 
long they could survive in the air

Basic infection prevention measures
• Maintain social distancing, have fewer contacts, maintain hand hygiene 
and cough etiquette and use of face masks when not able to keep a 
distance

• All were informed about the main mitigation measures
• Some people wanted to understand why certain behaviour and activities 
were considered high risk, others preferred simple, clear messages explain-
ing what to do and how to protect themselves
• Some sought informal sources to better comprehend the why
• Easily accessible, up-to-date online information
• Need someone to explain and interpret restrictions
• Sometimes enacting mitigation measures was a symbolic action

Safe distance
• The amount of virus exposed at distances of more 1–2 m would rarely be 
sufficient to cause infection
• Mainly infected within 1–2 m reach from infected person
• Keep one metre of distance
• The greater that the distance that you keep is, the less that the probabil-
ity is that you will be exposed to infection

• None of the participants talked in terms of probabilities
• One of the participants misunderstood the 1-m rule as a clear boundary 
between safe and unsafe distances
• Did not understand why 1 m and not 2 m

Risky activities
• Risky activities due to increased expulsion of aerosols and/or being close 
to others are
  ◦ Pubs
  ◦ Travelling
  ◦ Exercise centres
  ◦ Poorly ventilated rooms

• Increased risk of being physically close to others was well understood
• Struggling to understand why some activities were not allowed
• Some wanted information about risky situations and risky localisations

Protecting others
• The virus is possibly deadly for the oldest and some groups of people 
with chronic diseases

• All participants understood their collective responsibility to protect others
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Public mental model
On the whole, we found that participants reported 
high levels of trust in governmental and NIPH advice 
and reported being compliant. A high level of trust in 
authorities is associated with adherence to self-pro-
tective measures during pandemics [31]. Compared to 
other OECD countries, Norway is a high-trust society 
[32]; a recent study found that 96% of the participants 
reported trusting health authorities [33]. Trust in the 
health authorities was also high and stable during the 
first year of the COVID-19 pandemic; between 80 and 
90% of the population expressed a high level of trust 
in the health authorities [34] and with the NIPH [35]. 
Despite high trust in formal sources and self-reported 
adherence, many of the participants searched for infor-
mation from other sources since they lacked sufficient 
information to comprehend the risk. In particular, we 
identified knowledge gaps related to: 1) probability and 
modes of virus transmission; 2) the underlying princi-
ples explaining virus survival in the environment; 3) the 
probability of being infected decreasing with distance; 
4) why and how to implement the rules; 5) the govern-
mental strategies when implementing infection preven-
tion at the group level; 6) why some activities are risky 
and current risky situations; and 7) contagiousness and 
the exponential growth of COVID-19.

New topics were identified by the public partici-
pants but not addressed by the NIPH, e.g., talking 
about transmission in terms of behaviours causing the 
transmission, symbolic values for mitigation behav-
iours, creating situational awareness by understanding 
that COVID is not influenza and making trade-offs 
between social life and the risk of being infected. 
These topics inform the development of theory 
regarding mental models and how people make deci-
sions in pandemics.

The mental models approach to risk communication 
has been strongly inspired by cognitive psychology [3] 
and studies by Tversky and Kahneman [36]. According 
to Tversky and Kahneman [36], the way in which peo-
ple think about a phenomenon tends to persist despite 
the availability of new information. People tend to filter 
new information according to its congruence with their 
existing understandings, beliefs and values; this process 
is conceptualised as anchoring bias [36]. Previous men-
tal model studies of epidemic and pandemic risks have 
found that how people think about a health risk (i.e., 
Zika, COVID-19, pandemic influenza) is understood 
through their existing mental models and tends to per-
sist, even when new information is available [15, 17]. 
Seasonal influenza has been most commonly used as 
a comparison with COVID-19 [37]. Nevertheless, our 
study found that, while people used the seasonal flu as a 
reference point to understand COVID-19 (i.e., anchoring 
bias), some people experienced seasonal flu as an inade-
quate foundation from which to comprehend COVID-19 
risk. Despite having high trust in the Norwegian health 
authorities’ pandemic risk communication, they searched 
for other sources to comprehend the risk as fully as pos-
sible. They experienced that their perceptions regard-
ing the risk related to the coronavirus were modified by 
changing information, indicating continual refinement 
of mental models and an ongoing situational awareness 
[38]. This dynamic approach to sensemaking could be 
vital for pandemic health risks since the available evi-
dence and the expert model continue to change [1]. This 
study cannot specifically identify reasons why some peo-
ple were less susceptible than others to anchoring bias. 
One explanation might be related to their motivations to 
seek information, associating people with a “high need 
for cognition” [39] with less susceptibility to framing 
effects [40]. Considering the dynamic characteristics of 

Table 4  (continued)

NIPH messages Public perceptions, actions and ways of learning

Contagiousness
• The R-number is how many persons that one corona infected person 
infects further
• A person infected with the coronavirus infects an average of 2–3 others, 
while one person with the flu infects 1–2 others

• COVID-19 contagiousness was underestimated by all of the participants
• To comprehend the contagiousness of the virus, they had to understand 
that this disease was not influenza

Control of the spread
• The R-value was communicated in terms of numbers, but exponential 
growth was not explained to the public

• The R-number was perceived as a good indicator regarding the control of 
the spread
• The R-number was often misunderstood
• No one understood exponential growth correctly

Consequences of the pandemic
• NIPH communicated the health effects for the individual

• After one year with pandemic restrictions, most emphasised secondary 
consequences (e.g., economy, mental health)
• Information about health consequences produced panic in some inter-
viewees and awareness in others
• There were daily trade-offs between social life and the risk of becoming ill



Page 12 of 15Berg et al. BMC Public Health         (2022) 22:1440 

pandemic threats and infectious disease outbreaks [41], 
future mental model studies should describe how people 
adapt differently to new information, what they need to 
modify their preexisting beliefs, and how they are best 
supported, rather than how their decision-making fails to 
face this complexity.

This study suggests that some people made trade-
offs related to quality of life rather than the risk of being 
infected (longevity of life) in the long term of the pandemic 
[42]. Being close to grandchildren, friends and family is 
important to quality of life, and people might prioritise 
these values above social distancing despite understand-
ing the personal risk of being infected and the social risk of 
spreading the virus. Emotions play a role in decision-mak-
ing regarding risk [43, 44], and our emotional responses 
are affected by our values [42]. Jones et al. [3] argued that 
peoples’ differing values must be considered in the elici-
tation of mental models, and our study supports that val-
ues and emotions are important to explore in descriptive 
decision theory approaches to risk communication since 
values and emotions affect the way in which people make 
decisions and how they perceive their world.

Implications: supporting people in making informed 
decisions
The intent of the mental models approach is to iden-
tify the information that the public requires to make an 
informed decision [7]. By comparing the public mental 
models with the expert model, we identified the gaps that 
could be closed through communication interventions. 
Our study emphasises some considerations related to the 
use of technical language, empowering people, and creat-
ing awareness.

First, the findings indicate that people attach different 
meanings to the words used by Norwegian health experts 
in the NIPH. People understand virus transmission in 
terms of the behaviours causing the transmission of the 
virus and are unfamiliar with medical terms (droplets, 
airborne, or contact/surface transmission). The R-value 
and exponential growth are easily misunderstood. The 
media and health authorities might be unaware that they 
are using jargon, or they might overestimate people’s sci-
entific literacy and health literacy; therefore, they might 
overestimate the ability of people to understand the ter-
minology that is used [45]. Ironically, the use of both 
jargon and oversimplified wording could lead to miscom-
munications [46]. Communication could address this 
gap by educating people about what the R-value is; what 
factors affect these values; how contact, droplets and air-
borne transmission are different but interconnected; and 
which factors affect exposure to risk.

Second, the study findings indicate that, while people 
might be well informed about the required preventive 

measures of physical and social distancing, they might 
not necessarily comprehend why they have to keep 
their distance or how best to protect themselves. To 
make independent and informed decisions regarding 
exposure to risk, some people require more informa-
tion about risk activities and risk locations and modes 
of virus transmission. Furthermore, people need infor-
mation that mitigation rules is based on “probabilities”, 
e.g., protecting oneself from the most probable mode of 
virus transmission and that keeping two meters instead 
of one meter distance is about reducing the probability 
of being infected. Rather than what and how, they also 
need the why. Some people benefit from learning which 
certain involve a high risk and why and from receiv-
ing updated information about where the risk might 
be higher in the long-term phase of the pandemic. 
Such knowledge empowers people to make independ-
ent choices without harming others or imposing an 
undue collective burden [47]. However, empowerment 
depends on people’s capacity to act autonomously. 
Information that is difficult to comprehend can increase 
inequality for people who do not have access or the 
capacity to understand the information [48]. Thus, 
this study supports that there is no “one-size-fits-all” 
approach to public risk communication [49]. Commu-
nications must be targeted both to those who requires 
clear massages about what and how of communication 
and to those who also need the why.

Third, the study suggests that being informed in a 
way that facilitates comprehension of what is happen-
ing and how to avoid dangerous situations is important 
for initiating the response to risk and sustaining motiva-
tion. According to Endsley [38], these ideas are related 
to situational awareness, which is ongoing awareness 
of one’s environment and especially of events that one 
must understand. High levels of situational awareness 
have been associated with social distancing [35, 50] and 
hand-washing behaviour [51]. However, efficient and 
ethically sound health risk communication requires a 
balance between providing people with information that 
strengthens their awareness without sowing panic [52]. 
Although functional fear of COVID-19 has been found to 
encourage public health-promoting behaviours [53], an 
excessive fear of COVID-19 could increase maladaptive 
behaviours in the long term [54]. This study finds that 
information about health consequences caused panic 
for some and awareness for others, emphasising the 
complexity of communicating health consequences to 
the public in the hope of creating awareness [52]. Policy 
makers and communication creators must be aware that 
information about future scenarios leads to a variety of 
understandings and reactions.
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Limitations
The use of video can affect the establishment of a relation-
ship with those who are uncomfortable using video confer-
ences [55]. To limit this risk and increase trust and candour, 
we asked the participants to choose their preferred mode of 
communication (telephone or video) [19]. To facilitate quick 
sampling, we used extended networks and nongovernmen-
tal organisations. The recruitment followed a purposive 
sampling strategy to recruit participants with a diversity of 
experiences (i.e., men and women, various ages and levels 
of education, different geographical regions in Norway and 
diverse occupational areas). This approach provided us with 
a more specific sample than we would have obtained with 
a convenience sample, which, according to Malterud [56], 
enhances the information power (the information that the 
sample holds). The total sample was considered sufficient 
to explore a variety of mental models related to COVID-
19 risk and mitigation in the population and to develop 
a rich understanding of the topic [56]. To describe mental 
models for specific populations in various contexts, more 
research is needed. Finally, this study employed a qualitative 
approach to understand and compare the mental models of 
the public and experts with respect to perceiving and acting 
on health information related to COVID-19. Understand-
ing the prevalence of these mental models within the wider 
population would require larger survey studies and experi-
mental research to test communication interventions [7].

Conclusion
Our findings suggest that the public varies in its knowl-
edge of how COVID-19 is transmitted and why some 
activities are riskier than others. People comprehend and 
act on complex information differently and assign differ-
ent meanings to the jargon used in risk communication. 
While some people called for simple behavioural rules to 
follow, others report that not comprehending why limited 
their independent decision-making in contexts in which 
following rules (e.g., maintaining social distance) was 
inadequate. To empower people to make informed and 
independent decisions, risk communication could ben-
efit from targeted interventions that translate scientific 
information related to modes of virus transmission and 
activities with increased exposure to risk. Targeted com-
munication requires better consideration of the media 
channels and the audio-visual languages best suited to 
the intended audience. Furthermore, when a new virus 
strikes, people need information that enables them to 
modify their mental models regarding why they need 
to act differently. In the COVID-19 pandemic, the com-
prehension of the societal consequences related to the 
contagious nature of the virus and the protection of indi-
viduals at high risk are of great importance.
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