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The language of risk: A quantitative study on the effects of presentation format in 
risk communication 

Abstract: 

Consumers are faced with everyday decisions requiring understanding and 
interpretation of risks and probabilities. One area where the importance of good risk 
communication is particularly salient is in modern healthcare where shared medical 
decision making is a central feature. This thesis aimed to examine how presentation 
format might influence important outcome variables related to understanding, consumer 
satisfaction and risk perception. We took an experimental approach and used a 
quantitative method to conduct a between-participant study. A scenario experiment was 
conducted by distributing an online questionnaire with 152 participants. Subjects were 
randomly assigned to one of three treatment conditions (percentage, frequency, and 
visual) and were subsequently presented with a medical scenario. Findings indicate no 
significant effect on consumer satisfaction (measured through service performance and 
word-of-mouth intention), but in line with previous research there were significant 
differences between groups in terms of understanding. Risk perception was also 
significantly influenced by the presentation format when comparing relative risk. 
Results reveal that all three presentation formats are suitable when communicating basic 
and absolute risk, but frequency format seems most appropriate when communicating 
risks that require more cognitive processing.  
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1. Introduction 

In today’s society, consumers are expected to interpret and evaluate a myriad of 
statistical information in order to make informed decisions. These decisions range from 
the day-to-day questions of whether or not to wear a raincoat based on the weather 
forecast, to the more serious subjects of financial investments and health. Given these 
expectations, it might be surprising to learn from research that people tend to not always 
integrate probabilistic information in an adequate way (Hertwig et al., 2008). A variety 
of factors have the potential to impact or bias an individual’s understanding of risk and 
subsequent behavior. 

One area where the importance of good risk communication is particularly salient is in 
modern health care. Patients are expected to assimilate numerical information about 
risks associated with certain procedures and medications (or lack thereof) and based on 
this make informed decisions that lie in their own best interest. Failure to do so can lead 
to adverse side effects at best, or even death at worse. In light of the recent pandemic 
the importance of good risk communication became even more palpable as governments 
all over the world tried to contain the spread of the virus and drive herd immunity 
through vaccination programmes. 

This thesis will examine how different representations of risk can influence important 
outcome variables related to understanding, consumer satisfaction and risk perceptions. 
We chose to limit ourselves to the medical domain as scenarios pertaining to this lie 
close to most individuals and allow for realistic representations of risk. 

1.1. Background 

1.1.1.  Factors influencing risk perception 

A variety of factors have the potential to impact people’s perception of risk. One of the 
more well-known examples comes from the framing effect in which individuals tend to 
be more risk-averse when decision outcomes are framed in terms of gains, and risk-
seeking in conditions of losses (Kahneman & Tversky, 1984). 

It is not just framing or contextual differences that have the ability to influence people. 
Sometimes even correctly understanding the risk in itself can be hard. Without an 
adequate understanding of the fundamental premises of a decision – no one can be 
expected to make rational choices. Research has shown that the presentation format of 
statistical information can significantly influence individuals’ ability to correctly assess 
and integrate probabilistic information (McDowell & Jacobs, 2017). More specifically, 
in a meta-analysis spanning 20 years of research and 35 articles the authors found that 
presenting probabilities as frequencies improved participants’ statistical reasoning and 
by including visual aids this effect was even stronger (McDowell & Jacobs, 2017).  
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1.1.2. Individual characteristics and proposed solutions 

Another important finding is the interaction of an individual’s numeracy and ability to 
correctly interpret probabilities, where numeracy seems to predict to what degree an 
individual is susceptible to misinterpretations (Galesic et al., 2009). Importantly, it has 
been shown that statistically naive individuals can significantly improve their statistical 
reasoning by altering the numerical presentation format from percentages to frequencies 
(Gigerenzer & Hoffrage, 1995). The mechanism that this works through has been 
argued to be that frequency formats more closely mimics the “sequential way 
information is acquired in natural sampling” (Gigerenzer & Hoffrage, 1995). Much as a 
pocket calculator cannot receive written information as input format to perform 
complex computations, the human mind is not evolved to receive abstract statistical 
point estimates in order to make predictions about the real world (Gigerenzer & 
Hoffrage, 1995). One fundamental solution to this problem is to simply communicate 
probabilities as frequencies (McDowell & Jacobs, 2017; Gigerenzer & Hoffrage, 1995). 
Taking it one step further would be to include visual aids (specifically icon arrays), 
which has shown promising results in increasing accuracy and understanding of medical 
risks for both high- and low-numeracy individuals (Galesic et al., 2009). 

1.1.3. Shared medical decision making 

Shared medical decision making is a central feature in modern healthcare. Taking 
Sweden as an example, the patient is viewed as a co-producer of the service and the 
communication with clinicians is a pivotal part of the person-centered care (Hedberg et 
al., 2022). Clinicians must therefore make careful attempts to effectively communicate 
estimated risks and benefits of various treatments. Unless patients have a thorough 
understanding of these fundamental premises, they will not be able to make informed 
decisions about their own health (Stovitz & Shrier, 2013).  

1.2. Problem area 

The importance of understanding statistical information in today’s society highlights the 
need to examine how risk communication affects consumers. This is especially true in 
the domain of modern healthcare where shared medical decision making is a central 
feature. Although many previous studies have investigated the effects of presentation 
format on understanding in a test environment, we wanted to insert these findings into a 
realistic medical scenario. Against this background we also want to examine how 
presentation format can influence outcome variables related to consumer satisfaction 
and risk perception. To the best of our knowledge, little to none previous research has 
extended their analysis to a scenario experiment and included more adjacent variables 
associated with risk communication.  
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This is relevant to marketing in several ways. One important area is consumer behavior 
and decision-making. Understanding how consumers interpret risk can give valuable 
insights into how they then process this information and form perceptions which 
informs the choices they make. The healthcare industry needs to communicate 
numerical information to consumers on an ongoing basis. Any findings related to this 
problem area can be of importance for that industry or any actor involved in 
communicating risk. 

1.3. Research purpose and questions 

This thesis aims to address questions related to communication and representation of 
risk. The purpose is to understand how consumers are affected by presentation format in 
a general sense, and how this should shape risk communication in order to support 
them. The first objective is to simply ascertain whether presentation format actually has 
a significant effect on participants’ understanding of statistical information. The next 
objective is to try to understand how adjacent variables related to risk communication is 
affected. More concretely, does presentation format influence variables related to 
consumer satisfaction? A third objective is to investigate if and how presentation format 
might influence absolute and relative risk perceptions. 

1.4. Delimitations 

This thesis is subject to a number of delimitations. First of all, we chose to only 
examine the effects of presentation format in the medical domain as time restraints 
made it impractical to consider other contexts. Secondly, the geographical scope is 
limited to Sweden and Swedish-speaking participants. We also had limited resources 
which means that we had to use convenience sampling for data collection. For this 
reason, the generalizability of our findings might not extend beyond our sample group. 

We also had to adapt to GDPR and ethical considerations as our chosen subject was 
associated with health care. We made careful attempts as to not collect any sensitive 
data related to the respondents’ personal health status and made sure that the medical 
scenario was always referring to a third person. Careful considerations were made on 
what demographic variables should be collected and we only included the following for 
analysis: age, gender, and educational attainment. All data was collected and handled in 
accordance with GDPR guidelines.  

1.5. Expected contribution  

With this thesis we hope to contribute to the existing body of research on consumer 
behavior and decision-making in general and risk communication in particular. Through 
our experimental design using a medical scenario we aspire to capture new insights 
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related to consumer satisfaction and risk perception following exposure to different 
presentation formats. By applying existing research findings in a scenario, we hope to 
contribute with practical implications that can extend beyond the traditional test 
environment.  

1.6. Thesis outline 

In an attempt to answer our research questions this thesis is divided into five different 
sections: 1) Introduction, 2) Literature review, 3) Methodology, 4) Results and analysis, 
and 5) Discussion. Following this introduction, the next section will cover previous 
research and the theoretical foundations for our study. After that we will describe the 
scientific approach that was chosen. The results and analysis section will include a 
presentation of the collected data and the outcomes of our statistical analysis. In the 
discussion we will synthesize our results and discuss the implications and limitations of 
our study.  
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2. Literature review 

2.1. Literature review approach 

In order to find relevant research and articles on the subject of risk communication and 
presentation format we conducted a systematic search in the most common library 
databases. The search was conducted by including keywords such as: *risk 
communication, *numeracy, *presentation format, *icon arrays, and *natural 
frequencies. 

2.2. Risk communication 

Risk communication involves theories from both the natural and social sciences, where 
studies of human perception and decision making are especially relevant. It can be 
defined as communication in general or as the “process by which information is 
transferred by one party to another through a variety of channels”. The effectiveness of 
this communication can be defined both as the degree to which the message recipient 
understands the information or – as an extension – to what degree this understanding 
results in behavioral changes (Kamrin, 2014). The health belief model posits that people 
engage in self-protective actions when they believe that they are vulnerable to risk, that 
their actions will reduce this vulnerability and that the benefits of doings so is lower 
than the costs (DiClemente & Jackson, 2017). Before an individual can form a belief 
about their vulnerability however, they need to have an accurate understanding of the 
risk that they are exposed to. There are a variety of factors that can affect the success of 
risk communication, ranging from the trust in the source of the information to the form 
and content of the message. One critical part is the message recipient’s perception 
which depends on how people internalize information in general, but also how that 
interacts with individual characteristics (Kamrin, 2014). 

2.3. Previous studies 

2.3.1. Natural frequencies 

Perception and understanding of risk have been studied extensively and one important 
factor is the presentation format of statistical information. McDowell & Jacobs (2017) 
conducted a large-scale meta-analysis of the effect of natural frequencies on statistical 
reasoning. The authors found that when information was presented as frequencies 
instead of percentages, participants performed better when solving statistical inference 
problems. This positive effect was consistent even when they accounted for a host of 
potential moderators, spanning from individual characteristics like numeracy to problem 
representations (McDowell & Jacobs, 2017). These findings are supported by 
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Gigerenzer & Hoffrage (1995) who also found that individuals performed significantly 
better when presented with frequencies. They argued that frequency format is more 
comparable to how information is naturally gathered in the real world which makes 
inferential tasks (like Bayesian calculations) computationally easier to perform. They 
explained that throughout evolution, humans have collected information through series 
of events rather than by receiving abstract single point estimates such as percentages. 
This sequential collection of information resembles what is referred to as “natural 
sampling”. For this reason, humans are more adapt at handling natural frequencies when 
making predictions about the real world (Gigerenzer & Hoffrage, 1995). 

Another reason natural frequencies seem to make inferential tasks easier is because they 
include information about base rates. This feature of natural frequencies means that they 
provide information about how often an event occurs within a population without any 
conditional information. The result is that less calculations have to be performed in 
order to arrive at an answer when making statistical inferences (Hoffrage et al., 2000).  

Furthermore, it is not just that expressing statistics as natural frequencies improves 
statistical reasoning, but probabilities (expressed as percentages) actually impedes 
people’s abilities. In an experiment, when given percentages, only 1out of 24 physicians 
were able to correctly determine the number of patients with a positive screening test 
that truly had cancer. When another group of physicians were provided with 
frequencies, this number increased to 16 out of 24. The positive effect of frequency 
format has shown to apply to both experts and everyday people (Hoffrage et al., 2000). 

2.3.2. Numeracy 

A particularly important area of risk communication within health care is numeracy. 
Within the wider concept of health literacy, numeracy is one component. It refers to an 
individual’s ability to handle numerical concepts and comprises basic math skills (Apter 
et al., 2008). Having low numeracy has been linked to adverse health outcomes for 
patients and a lower likelihood to follow recommendations by health care providers 
(Ruiz et al., 2013). In a study on U.S. literacy, it was found that 26% of adults were 
severely limited in their quantitative abilities and 32% had only rudimentary skills. In a 
similar vein, when investigating numeracy in a health care setting, many patients were 
unable to understand basic medical instructions. Almost one third were incapable of 
determining how many pills they should take based on their prescription (Rothman et 
al., 2008). Based on the importance of numeracy, many studies have set out to find 
ways to overcome it, with frequencies and visual aids being two proposed solutions 
(Galesic et al., 2009). 
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2.3.3. Visual format 

Spiegelhalter et al. (2011) has emphasized the benefits of using graphics and 
visualization of data to communicate risks and uncertainties. The author pointed out 
how communicating probabilities to the general public can be facilitated by graphic 
visualization but also how the relative numeracy of the audience members is of 
importance (Spiegelhalter et al., 2011). One way to make the data more accessible is by 
using icon arrays. By displaying a number of figures or icons that represent individuals 
affected by a risk while simultaneously showing those not affected, the audience is 
better equipped to assimilate the information (Galesic et al., 2009). This visual aid is 
becoming more popular although previous research emphasize that experimental studies 
on its efficacy is still lacking (Galesic et al., 2009).  

One of the more promising uses of graphical visualization is in enhancing 
understanding for individuals with low numeracy (Garcia-Retamero & Dhami, 2011). 
Particularly icon arrays have shown positive results in explaining relative risk changes 
to this group. A critique against its use is that in some cases it has been shown that 
including icon arrays can increase the perceived seriousness of risk. Since its use draws 
attention to the level of individuals (when figures are used) it has been argued that 
respondents might perceive the risks more vividly which adds affective components to 
the equation (Galesic et al., 2009). 

2.3.4. Icon arrays 

Previous studies on icon arrays have shown conflicting evidence on its efficacy. Ruiz et 
al. (2013) found that for male veterans in the U.S., risk understanding was lower with 
icon arrays and no differences were found for recall. However, Galesic et al. (2009) 
found contrary evidence indicating that the inclusion of icon arrays increased accuracy 
of understanding for both high- and low-numeracy individuals. There has also been 
empirical support indicating that using icon arrays improves gist and verbatim 
knowledge (Recchia et al., 2022). One study showed that using icon arrays in 
combination with numerical descriptions increased participants ability to estimate 
relative risk reductions and this effect was particularly strong for individuals with low 
numeracy. Another finding was that using a large number of icons made the risk appear 
more serious. This was explained by the ratio-bias-effect where a larger denominator 
inflates the perceived risk (Galesic et al., 2009). Despite inconclusive findings, official 
guidelines from government agencies (like the U.S. Department of Health and Human 
Services) advocate the use of pictographs and visual aids (Fischhoff, 2011).  
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2.4. Hypotheses and exploratory approach 

Based on previous studies, two guiding hypotheses have been derived related to 
understanding. For all other variables, an exploratory approach will be used. Although 
conflicting evidence has been found on the efficacy of visual format (in particular of 
icon arrays), a consensus seems to exist on using pictographs and visual aids when 
possible (Fischhoff, 2011; Spiegelhalter et al., 2011). For this reason, a preliminary 
hypothesis for visual format is included.  
 

H1: Individuals exposed to frequency format will have better understanding 
compared to individuals exposed to percentage format. 

H2: Individuals exposed to visual format will have better understanding 
compared to individuals exposed to percentage format.  

 
It is worth emphasizing that this study includes other outcome variables not directly 
related to understanding (although important and indirectly associated). For this reason, 
a large part of the thesis is devoted to the exploratory part. Some of our variables have 
only received peripheral attention in previous studies with inconclusive findings. Some 
have received no attention at all. Against this background, we view the hypothesis 
testing as secondary to our exploratory approach. Refer to Section 3.4. below for a 
complete overview of all included variables.  
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3. Methodology  

3.1. Scientific approach 

This thesis takes an experimental approach to understand the effects of presentation 
format. Moreover, we use a quantitative method in an attempt to capture between-
participant effects by randomly assigning subjects to three different treatment 
conditions. The data is cross-sectional and we assume that the phenomenon is objective 
and external to observers, following an objectivist ontology (Bell et al., 2019). 
Furthermore, we will employ both inductive and deductive reasoning. In order to test 
existing theories, deduction will be used for the basic hypothesis testing. However, 
since we will also take an exploratory position, inductive reasoning will be used to see 
if our observations can help us draw any other conclusions (Bell et al., 2019).  

Arguably, a qualitative approach could also prove useful in an attempt to gather deeper 
insights about the studied phenomenon (Bell et al., 2019). This method was however 
not chosen since the vast majority of previous studies on the subject employs a 
quantitative approach and we wanted to build on these findings. In addition, to conduct 
our experiment with different treatment effects, a self-completion questionnaire with 
randomized groups was considered to be the most appropriate. There are however 
obvious limitations to our chosen scientific method, one of the most prominent being 
the sampling strategy. Since we used convenience sampling, the generalizability of our 
findings is limited and the sample should not be viewed as representative of the 
population (Bell et al., 2019). As a result of resource and time constraints, this was 
however considered the most viable approach.  

3.2. Pilot study 

Before publishing the survey, we took precautions as to pre-test the questions and the 
scenario in its entirety. Using a pilot study group of ten people we had them take the 
first draft of the survey and asked for specific feedback on unclear questions, any 
formatting issues or other thoughts that came up. After this, we sat down with five of 
them and went over each block while having participants verbally comment on their 
thought process while answering the questions. We asked specifically about the 
relevance and formulation of the questions and their understanding of the material. 

3.2.1. Pilot study insights 

The pilot study group made important contributions to the final version of the 
questionnaire in their comments and by the way they interpreted some of the questions. 
Besides minor spelling mistakes that were brought up, many participants made us aware 
that the questionnaire took a long time to complete. We were aware of the phenomenon 
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of respondent fatigue and tried to address this by including a progress bar and provided 
clear instructions throughout the questionnaire on their progress and what remained. 
Some participants also mentioned that the survey felt like an exam which added 
unnecessary elements of anxiety and stress. For this reason, we added information about 
the fact that most of the questions did not have any “right” or “wrong” answers, but 
rather intended to gauge their perception or “gut-level assessment”. Furthermore, one of 
the questions asked the respondents to estimate the percentage increase between two 
groups and provide an open entry answer. Considering the length of the survey and the 
aforementioned risk of survey fatigue, we choose to switch to a multiple-choice format 
for this particular question. Since participant dropout is directly linked to survey length, 
and because we prioritized a lower dropout rate above precise numerical estimates for 
this particular question, we choose to make it more convenient for respondents 
(Hoerger, 2010).  All feedback was then incorporated into the final, revised version of 
the questionnaire. 

3.3. Main study 

3.3.1. Questionnaire  

The study was carried out in the form of a self-completion questionnaire (see Appendix 
7) which was constructed and administered through Qualtrics’ online survey tool. We 
used the platform’s functionality for anonymized responses which allowed us to adhere 
to GDPR guidelines. In total, the survey comprised of ten blocks: Block 1: Introduction 
and GDPR, Block 2: Scenarios, Block 3: Perceived Likelihood (Absolute), Block 4: 
Perceived Likelihood (Relative), Block 5: Service Performance, Block 6: Word-of-
Mouth Intention, Block 7: Understanding, Block 8: Numeracy, Block 9: Demographic 
Variables, Block 10: Survey Evaluation.  

Respondents started with the introduction where we gave a brief description of the aim 
of the study. We payed careful attention as to not reveal too much information since that 
could potentially influence the outcome of the experiment. Participants were then 
informed about the estimated time required to compete the survey, where to contact the 
authors and that 5 SEK would be donated to the Children’s Cancer Fund 
(Barncancerfonden) for every submitted answer. Respondents were then asked to read 
the information about confidentiality and GDPR including the Consent Form for 
Participation Template. They were then asked to give their consent to participate by 
ticking a box and signing with their initials and today’s date. This consent question had 
a force response functionalty and participants who ticked the “I do not consent” box 
were automatically sent out of the survey.  

The next block randomly assigned each participant to one of three scenarios: one where 
they were exposed to statistical information presented in percentage format, the other in 
frequency format, and the last in a visual format. After this, participants answered 
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questions relating to the perceived likelihood of the negative event happening both from 
an absolute and from a relative (comparative) perspective. Respondents where then 
asked to rate the service performance based on the scenario they just read and then 
answer a question relating to their word-of-mouth intention. The next block included 
questions designed to test their understanding of the statistical information but would 
also serve to check the construct validity of our numeracy variable. Based on which 
presentation format participants had been randomly assigned to, we used branch logic in 
Qualtrics such that each group was once again exposed to the same risk information 
before they made their estimations. To measure numeracy, we used the Subjective 
Numeracy Scale (see section 3.4.3.). We then asked for some demographic information 
before having participants fill out a survey evaluation. Lastly we included an attention 
check question which asked the respondents what the scenario was about. We also 
included an instructional manipulation check (IMC) in block 5, as suggested by 
Oppenheimer et al. (2009).  

3.3.2. Survey flow illustration 
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3.3.3. Experimental design  

In order to test the effects of presentation format we chose to employ a scenario-based 
experiment in written form. To ensure that we had a representative design, we used an 
article from the Swedish publication Läkartidningen (the Physician Journal) about 
elevated blood pressure among young adults being a risk factor for future cardiovascular 
disease. In the article, the authors presented recent findings that 14 percent of young 
adults with normal blood pressure is expected to develop cardiovascular disease in the 
future, whereas 24 percent is expected for individuals with elevated blood pressure 
(Rietz & Brunström, 2023). We wanted to present these statistics in a realistic medical 
scenario and used one of the author’s expertise (being a physician himself) to set up a 
representative description of a routine physical examination. To achieve the between-
subject design we randomly assigned each participant to one of three treatment 
conditions: percentage format, frequency format and visual format. Every group was 
exposed to the same physical examination scenario with the only difference being which 
presentation format the risk statistics had. Participants received the information that the 
individual in the scenario had elevated blood pressure. See below for translated English 
versions of the three variations of the risk information:  

Percentage format 

The physician further explains that for people with normal blood pressure, on 
average, 14% will develop cardiovascular diseases in the future, whereas for people 
with elevated blood pressure, approximately 24% will be affected. 

 
Frequency format 

The physician further explains that for people with normal blood pressure, on 
average, 14 out of 100 will develop cardiovascular diseases in the future, whereas for 
people with elevated blood pressure, approximately 24 out of 100 will be affected. 

 
Visual format 
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3.4. Variables and scales 

3.4.1. Independent variable  

Presentation format 

Our independent variable was the presentation format that participants were exposed to. 
It consisted of statistical information being presented as percentages, natural frequencies 
or visually (icon arrays). 

3.4.2. Demographic variables 

Demographics 

The demographic variables were limited to gender, age, and educational attainment. 
These were used for the descriptive statistics of our sample. 

3.4.3. Control variable 

Numeracy (SNS) 

In order to measure participants’ numeracy, we used the Subjective Numeracy Scale 
(SNS) developed by Fagerlin et al. (2007). It contains eight self-assessment items 
intended to measure quantitative ability. Whereas many studies use objective measures 
such as the Berlin Numeracy Test, the SNS can be more suitable for online surveys and 
is easier to administer and less of a burden for respondents (Fagerlin et al., 2007). The 
scale has strong correlation with objective numeracy and has been validated with ample 
predictive ability (Zikmund-Fisher, 2007). The scale includes items measuring self-
assessed mathematical skill and respondents’ preference for numerical information 
(Fagerlin et al., 2007). Items were measured on a 6-point Likert scale (some reverse 
coded) and a mean score was then calculated. 

3.4.4. Dependent variables 

Perceived likelihood (Absolute) 

In order to measure the respondents’ risk perception following the scenario descriptions, 
we adopted a scale from Janssen et al. (2012). In their article, the authors 
operationalized risk perception by distinguishing between cognitive and affective 
beliefs. Although they found that perceived affective likelihood might be a better 
predictor of future health behavior, they also stress that both constructs should not be 
considered in unison within the same study (Janssen et al., 2012). Since we were not 
examining future health behavior associated with risk perception, but rather participants' 
objective likelihood estimates, we choose to only include the cognitive dimension. 
Much like the original study, all questions were measured based on not performing the 
adaptive behavior (in our case, on not taking action to lower the blood pressure). This 
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was to ensure that all respondents based their estimations on the current condition of the 
patient (Janssen et al., 2012). Three items were measured on a 5-point Likert scale and a 
mean score was calculated and used for analysis. The questions were asking about the 
absolute risk (likelihood) of developing cardiovascular disease, explicitly stating that 
respondents were not to make comparison to the group with normal blood pressure. 

Perceived likelihood (Relative) 

Since the scenario contained information about the probabilities of developing 
cardiovascular disease for both normal and elevated blood pressure, we also set out to 
measure the perceived relative (comparative) likelihood. For this we adopted a scale 
used to measure the comparative likelihood in a conditional way (in the same way we 
measured absolute likelihood). Once again, only the cognitive dimension was 
considered and two items were measured on a 5-point Likert scale and a mean score 
was calculated. Items were developed based on earlier work from Janssen et al. (2011). 
For this variable we clearly stated that the questions were comparative in nature and 
asked for relative risk perceptions. The response alternatives referred to the risk of a 
person with elevated blood pressure to be lower or higher should they not take action to 
lower the blood pressure.  See section 3.6.1. for discussion about the internal 
consistency of this variable and the revised version used in the final analysis. 

Service performance (SERVPERF) 

As a proxy for measuring consumer satisfaction, we selected a number of predictor 
items from the SERVPERF questionnaire that captures perceptions of service 
performance. Previous studies have found support for performance-based measures of 
service quality being superior to earlier constructs and that consumer satisfaction is a 
descendent of service quality (Cronin & Taylor, 1992). For the purpose of our study, we 
set up a revised SERVPERF scale with items that were relevant for the scenario at hand. 
The original scale measures five service dimensions with statements referring to: 
tangibles, reliability, responsiveness, assurance, and empathy (Jain & Gupta, 2004). The 
revised scale used in our study included six statements spread over the dimensions 
which were applicable based on the scenario with the exception of the tangibles 
category (as our scenario contained no descriptions of this). Items were measured on a 
5-point Likert scale and a mean score was calculated and used for the final analysis.  

Word-of-Mouth intention 

An alternative measure we included to also capture consumer satisfaction was word-of-
mouth intention. Not surprisingly, previous research suggest that a positive relationship 
exist between consumer satisfaction and word-of-mouth intention (Bolton & Drew, 
1992). Our measure was inspired by the Likelihood-to-Recommend (LTR) question, 
where we simply asked the respondents to rate how likely it would be for them to 
recommend the physician in the scenario to a friend or colleague on a 7-point scale. 
Inspiration was taken from Boulding et al. (1993). This variable was mainly included 
for the purpose of testing the construct validity of our revised SERVPERF scale. 
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Understanding (RRI and Basic) 

In an attempt to measure how well respondents were able to integrate probabilistic 
information based on the presentation format we took inspiration from Gigerenzer et al. 
(2008). In their article, the authors asked respondents to convert a percent to a 
proportion and then to translate a proportion to a percent (Gigerenzer et al., 2008). Our 
questions asked how many out of 1000 people1 with elevated blood pressure were 
estimated to develop cardiovascular disease in the future. This was a conscious choice 
in an attempt to gauge their basic understanding by having them convert from hundreds 
to thousands. Respondents were then to provide both percentage and frequency answers. 
For Understanding Basic a mean score for both questions was calculated and for sake of 
completeness we also constructed one variable for understanding percentage and one for 
understanding frequency. We also included one task testing respondents’ ability to 
estimate the percentage increase in risk (Relative Risk Increase, RRI) between the group 
with normal and elevated blood pressure. Although the primary aim of these variables 
was to determine the effect of presentation format on understanding, the first two 
questions would be used to test the construct validity of the Subjective Numeracy Scale 
(SNS) and Relative Risk Increase (RRI) would be the primary variable testing their 
understanding. In a secondary analysis, we also investigated any potential impact of 
presentation format on the two basic understanding questions.  

3.5. Data collection and analysis 

3.5.1. Data collection 

The survey was published and distributed on the 23rd of October 2023 and closed on 
the 31st of October. It was decided that a minimum of 50 answers was to be recorded 
for each treatment group which would add up to at least 150 valid responses. This 
number was chosen to ensure that our results had the potential to reach statistical 
significance. The questionnaire was distributed online through our own social channels. 
As was mentioned in section 3.1. this sampling strategy limits the generalizability of our 
findings and although we were able to capture a great deal of diversity in terms of 
respondents’ demographics, it should not be viewed as a representative sample of the 
population (Bell et al., 2019). This convenience sampling method was however deemed 
most viable in light of the amount of time and resources available to us.  

Only Swedish-speaking respondents were considered since providing the questionnaire 
in English could result in the scenario or questions being misunderstood. That being 
said, translating the established scales and items from English to Swedish came with its 
own risks but these were taken into careful consideration and multiple iterations were 
made to ensure congruency of the concepts. 

 
1 The risk statistics in the scenario were either presented in terms of percentages, or as x out of 100 people 
for the frequency and visual group. 
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3.5.2. Data quality 

In order to consider recorded responses for inclusion in the final analysis we set up a 
number of selection criteria. To start off, participants had to consent to the GDPR terms 
stated in the introduction of the survey. Any participant who did not consent was sent 
out of the survey immediately and no data was collected. Another requirement was that 
the whole survey had to be completed. By adding force response logic respondents were 
not able to move forward in the questionnaire if they had missed any items. 
Respondents also had to correctly answer the control question at the end but also pass 
the instructional manipulation check (IMC) included in the Service Performance block. 
Oppenheimer et al. (2009) claimed that the inclusion of an IMC has the potential to 
increase the statistical power and reliability of a dataset. This is achieved by making 
sure that participants are reading the instructions and involves embedding the IMC 
within a battery of questions. The respondents are then to provide a confirmation that 
they have read the instructions by answering in a specific way (Oppenheimer et al., 
2009). In our case, this entailed answering “Completely disagree” to the statement “It is 
important to pay attention when completing this survey, please answer completely 
disagree”. 

3.5.3. Drop-out analysis 

204 total responses had been recorded when the questionnaire was closed on the 31st of 
October. However, 7 respondents did not consent with the GDPR terms and were 
subsequently sent out of the survey. Out of the 197 remaining respondents, 35 did not 
complete the whole survey (progress was less than 100%) and were therefore excluded 
from the final analysis. Furthermore, 10 respondents failed the instructional 
manipulation check mentioned above. This left us with a sample size of 152 valid 
responses. All remaining respondents passed the last attention check. 

3.5.4. Data analysis 

The data was exported from Qualtrics to a SPSS v.29-compatible file. We made sure 
that all responses were exported with viewing order data for randomized surveys, which 
added a variable showing which experiment group each answer belonged to. Using 
SPSS, the data was cleaned and mean scores were calculated for multi-item variables. 
One-way analysis of variance (ANOVA) and Tukey’s Honest Significant Difference 
(HSD) tests were performed after descriptive statistics had been generated. 
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3.6. Reliability and validity 

3.6.1. Reliability  

Reliability concerns the extent to which we can expect to get the same results from 
multiple measurements. If the applied measures yield consistent results, the reliability 
increases (Bell et al., 2019). For our multi-item variables, we used Cronbach’s alpha to 
test their internal consistency. This was used to make sure that all items were coherent 
and related to the same constructs. For an acceptable level of internal reliability, we 
used the rule of thumb of an Alpha coefficient greater than 0.7 (Bell et al., 2019). 

Table 1. Cronbach’s Alpha coefficients 

    Presentation Format    
Variable  No. of Items Percentage Frequency Visual Aggregated 
Perceived Likelihood (Absolute)  3 .785 .831 .880 .835 
Service Performance  6 .828 .849 .849 .842 
Subjective Numeracy Scale  8 .855 .684 .822 .806 
 
Cronbach’s Alpha was calculated for each presentation format and on the aggregate 
level to compare internal consistency across the groups. Since respondents were 
exposed to different presentation formats in the beginning of the survey, we wanted to 
make sure that the treatment in itself did not influence responses. For all variables with 
more than three items the alpha coefficient was greater than 0.8 on the aggregate level, 
and almost greater than 0.7 for all the individual groups (with the exception of SNS for 
the frequency group which came close at 0.68). 

Since two of our dependent variables were made up of two-item measures, we followed 
recommendations by Eisinga et al. (2013) and used the Spearman-Brown formula to 
estimate the reliability of these scales. The authors of that article emphasized that both 
Cronbach’s Alpha and Pearson correlation are inappropriate to use for two-item scales 
and instead advocate the Spearman-brown formula (Eisinga et al., 2013). 

Table 2. Spearman-Brown’s coefficients 

    Presentation Format    
Variable  No. of Items  Percentage  Frequency  Visual  Aggregated  
Perceived likelihood 
(Relative)  

2  -.02  .249  .315  .201  

Understanding Basic  2  .884  .560  .727  .787  
 
For the basic understanding variable, the aggregate coefficient indicated a good level of 
internal consistency. The frequency group stood out however, with a coefficient of only 
0.56. Since this variable was only secondary in our analysis, we decided to include it 
but took this into consideration when doing the analysis. The low value could be due to 
the small sample size for each group or the low number of items included in the scale.  
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For the perceived likelihood (relative) variable the coefficient was unsatisfactory both 
on the aggregate and on the group level. This implies that the two items did not 
consistently measure the same underlying construct. This variable was made up of one 
question asking respondents to rate the relative risk of a person with elevated blood 
pressure (compared to normal blood pressure) and one statement which refered to the 
risk being “lower”. For the sake of including this variable in our analysis, the statement 
item was removed and only the rating item was left. 

3.6.2. Validity 

To address questions about validity, that is to what extent our measures actually capture 
the intended concepts, we have done tests on construct validity. According to Bell et al. 
(2019) the validity of a measure can be tested by comparing it to other measures that are 
related to the same concepts. This is referred to as convergent validity. For the purpose 
of this thesis, the convergent validity of our SERVPERF variable was tested against the 
variable word-of-mouth intention. The subjective numeracy scale (SNS) was also tested 
against the basic understanding variable.  

Table 3. Pearson correlation coefficients 

  Presentation Format 
Variable 1 Variable 2 Percentage Frequency Visual Aggregated 
SERVPERF W-O-M Intention .576** .832** .676** .713** 
SNS Basic Understanding .26 .12 .27 .208** 

* p < .05 
** p < .01 

Service Performance correlated well with Word-of-Mouth intention which indicates a 
good construct validity. A high rating on service performance should intuitively have a 
positive correlation with word-of-mouth intention since both concepts relate to 
consumer satisfaction (see section 3.4.4.). The subjective numeracy scale (SNS) had a 
positive and significant correlation with basic understanding on the aggregate level. For 
the individual groups this was not the case. Possible explanations for this could be that 
the group level analysis contains fewer data points compared to the aggregate level 
which affects the statistical power. On the other hand, there could be an aggregation 
bias where within-group variance is diluted on an aggregate level (which inflates the 
statistical power). There could also be an argument that the basic understanding variable 
(containing only two items) is not appropriate to use as a proxy for numeracy. Zikmund-
Fisher et al. (2007) has a thorough review of the validity of the SNS-scale which shows 
a strong predictive ability on objective numeracy. For this reason, we consider the 
validity of the SNS-scale to be satisfactory but recognize that there might be 
unexplored, systematic differences in our sample compared to the original studies. 
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3.6.3. Survey evaluation 

At the end of the questionnaire, respondents were asked to evaluate the survey and the 
scenario. Four items were measured on a 5-point Likert scale with statements referring 
to the clarity of the questions and the provided answer alternatives. One item concerned 
the realism of the scenario and the last asked if the questions tried to influence the 
respondents’ answers. 

Out of the 152 respondents, the majority found the questions and answer alternatives to 
be clear. Specifically, 87% agreed (55% strongly and 32% somewhat) that the questions 
were clearly formulated. Similarly, 93% agreed (59% strongly and 34% somewhat) that 
the answer options were clearly formulated. 

As for the realism of the scenario, 89% of respondents agreed (62% strongly and 27% 
somewhat) that the scenario was realistic. Interestingly, a significant proportion of 
participants reported that the questions tried to influence their answers in some way 
(20% somewhat agreed and 10% strongly agreed). See Table 4 below for results. 

Table 4. Survey evaluation 

n = 152      

Questions  Strongly 
disagree 

Somewhat 
disagree 

Neither agree 
nor disagree 

Somewhat 
agree 

Strongly 
agree 

The questions were clearly 
formulated 

0% 4% 9% 32% 55% 

The answer options were clearly 
formulated 

0% 2% 5% 34% 59% 

The scenario was realistic 1% 1% 9% 27% 62% 

The questions tried to influence 
your answers in some way. 

30% 14% 26% 20% 10% 

 

The participants who answered “Somewhat agree” and “Strongly agree” to this question 
were selected for a separate analysis to see if they had been exposed to any specific 
presentation format that might have biased their answers. The total number of 
individuals who belonged to this category was 46. It was however found that they were 
evenly spread out over all the presentation formats, with frequency being somewhat 
underrepresented (37% Percentage, 26% Frequency and 37% visual). This suggested 
that respondents’ answers to this question were not systematically influenced by the 
presentation format.  
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4. Results and analysis 

4.1. Descriptive statistics 

4.1.1. Sample demographics 

Out of the 152 valid responses a majority were males (61%) and the remaining were 
females (39%). The respondents had a mean age of 30. A large proportion of the sample 
had high school diplomas or equivalent (40%), 19 % had attended college or university 
for 1-3 years, and 34% for more than three years. Refer to Appendix 1 for a detailed 
breakdown of sample demographics.  

Educational attainment, age, sex, and numeracy were similar for all three groups. A 
one-way ANOVA was conducted to control for this, and no significant differences were 
found between any of the groups. Refer to Appendix 2 for ANOVA output. Similarly, 
including numeracy as a covariate did not significantly impact the observed outcomes. 

We recognize that our sample is not representative of the population which limits the 
generalizability of our findings. This was discussed under section 3.1. in the 
Methodology section.  

4.2. Statistical analysis 

The aim of this thesis was to examine how presentation format might influence 
important outcome variables related to risk perception, consumer satisfaction, and 
understanding. To achieve this, we used one-way ANOVA analysis, Tukey’s HSD tests, 
and Pearson Correlation. A significance level of 5% (p < .05) is used throughout this 
section.  

4.2.1. Analysis of variance (ANOVA) and Tukey’s HSD tests 

To determine if presentation format had any impact on the dependent variables, a one-
way analysis of variance (ANOVA) was carried out. By comparing the means of our 
three groups for all dependent variables we were able to determine if at least one of 
them was significantly different from the others. See results in Table 5 below.  
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Table 5. One-way ANOVA results for dependent variables 

Dependent Variables Df Mean Square F Significance Effect Size 
(η²) 

Perceived Likelihood 
(Absolute) 

2 .07 .11 .90 .01 

Perceived Likelihood (Relative) 2 .764 3.407 .036* .044 
Service Performance 2 .04 .093 .91 .01 
Word of Mouth Intention 2 .58 .26 .77 .004 
      
UNDERSTANDING      
Understanding (RRI) 2 .839 3.440 .035* .044 
Understanding (Basic) 2 .28 2.47 .09 .032 
Understanding (Percentage) 2 .32 2.18 .12 .028 
Understanding (Frequency) 2 .28 2.09 .13 .027 

* p < .05 

For perceived likelihood (relative) and understanding (RRI), a significant difference in 
means was found indicating that presentation format had an effect on these two 
variables. To further analyze these differences, post-hoc tests (Tukey’s HSD) were 
carried out. See Table 6 and 7 below for results. 
 

Table 6. Tukey’s HSD test results for Perceived Likelihood (Relative) 

(I) Format (J) Format Mean 
Difference (I-J) 

Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 

Percentage Frequency -.20 .094 .08 -.43 .019 
Visual -.02 .093 .97 -.20 .24 

Frequency Percentage .20 .094 .08 -.02 .43 
Visual .227* .093 .050 .0001 .453 

Visual Percentage .02 .093 .97 -.24 .20 
Frequency -.227* .096 .050 -.453 -.0001 

* The mean difference is significant at the .05 level. 

The results indicated that there were significant differences in means for frequency and 
visual format. More specifically, the mean difference tells us that, on average, 
individuals exposed to the frequency format perceived the relative likelihood of 
developing cardiovascular disease in the future as being higher than the visual group 
did. No significant differences were found for percentage format.  
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Table 7. Tukey’s HSD test results for Understanding (RRI) 
 (I) Format (J) Format Mean 

Difference (I-J) 
Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
Percentage Frequency -.255* .098 .028 -.487 -.0228 

Visual -.15 .097 .27 -.38 .08 
Frequency Percentage .255* .098 .028 .0228 .487 

Visual .11 .01 .55 -.13 .34 
Visual Percentage .15 .097 .27 -.08 .38 

Frequency -.11 .01 .55 -.34 .13 
* The mean difference is significant at the .05 level. 

When participants were asked to estimate the percentage increase in risk (from having 
elevated blood pressure), we can see that there was a significant difference in 
understanding between frequency and percentage format. Only one alternative was 
correct. Individuals exposed to frequency format were better than percentage format at 
estimating RRI (based on the positive mean difference between these groups). No 
significant differences were found for visual format.  

4.2.2. Significant difference in Perceived likelihood (Relative) 

The revised version of Perceived Likelihood (Relative) consisted of one item measuring 
respondents’ perception of relative risk on a 5-point Likert scale. The translated 
question was: “If the individual does not lower their blood pressure, the likelihood of 
developing cardiovascular disease in the future is:” 1) Much lower, to 5) Much higher, 
with 3) being neutral. The mean of the whole sample (M = 4.02, SD = 0.48) indicated 
that most respondents, on average, agreed that the risk of developing cardiovascular 
disease in the future was in fact higher if the individual did not lower their blood 
pressure.  

Mean scores and standard deviations were: 

§ Percentage format group (M = 3.96, SD = 0.55). 
§ Frequency format group (M = 4.17, SD = 0.44). 
§ Visual format group (M = 3.94, SD = 0.42). 

The one-way ANOVA revealed that there was a statistically significant difference in 
means between at least two groups, F(2, 149) = 3.407, p = .036. The effect size (η² = 
.044) indicated a small to medium effect (Cohen, 1988). This implies that 4.4% of the 
variance was explained by the presentation format. Tukey’s HSD Test for multiple 
comparisons found that the difference was significant between frequency format and 
visual format (p = .05). On average, frequency format resulted in participants perceiving 
the relative likelihood of developing cardiovascular disease in the future as being higher 
than the visual format did. No significant differences were found for percentage format. 
See figure 1 below for error bars. 
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Figure 1. Error Bars with 95% Confidence Interval for mean of Perceived Likelihood 
(Relative) 

 

 

 

 

 

 

 

 

 

 

4.2.3. Significant difference in Understanding (RRI) 

The variable understanding (RRI) asked respondents to estimate the percentage increase 
in risk between an individual with elevated blood pressure and an individual with 
normal blood pressure. Four alternatives were provided with only one being correct (the 
RRI was 70% in the scenario, an increase from 14% to 24%). Before providing an 
answer, respondents were reminded of the risk statistics they had been presented to in 
the scenario (with the presentation format corresponding to which group they had been 
randomly assigned to from the beginning).  

Mean scores and standard deviations were: 

§ Percentage format group (M = 0.37, SD = 0.49). 
§ Frequency format group (M = 0.63, SD = 0.49). 
§ Visual format group (M = 0.52, SD = 0.50). 

The whole sample had a mean of 0.50 (SD = 0.50) indicating that, on average, 50% 
gave a correct answer. The one-way ANOVA revealed that there was a statistically 
significant difference between at least two groups, F(2, 149) = 3.440, p = .035. The 
estimated effect size (η² = .044) indicated a small to medium effect (Cohen, 1988). 
Tukey’s HSD post hoc test showed that the frequency format group scored significantly 
higher than the percentage format group (p = .028). On average, 63% got the correct 
answer when being exposed to frequency format, and only 37% were correct when 
exposed to percentage format. It is worth pointing out that a sizeable portion of 
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individuals exposed to percentage format (52%) answered that the RRI was 10%. In the 
frequency format group this proportion was 21% and for visual 38%. Although this is 
the percentage point increase, it was not asked for in the question. Refer to Appendix 6 
for complete overview of answer distribution. See figure 2 below for error bars. 

Figure 2. Error Bars with 95% Confidence Interval for mean of Understanding (RRI) 

 

 

 

 

 

 

 

 

4.2.4. No significant difference in Perceived Likelihood (Absolute) 

Respondents’ perception of the absolute likelihood of developing cardiovascular disease 
in the future for an individual with elevated blood pressure (that is, irrespective of the 
baseline risk for the normal group) was based on two items adopted from Janssen et al. 
(2012). Items were measured on 5-point Likert scale and a mean score was calculated. 
The whole sample had a mean of 3.66 (SD = 0.78) indicating that most respondents 
perceived the absolute risk as being modest. No significant differences in means were 
found for any of the groups, F(2, 149) = 0.11, p = .90.  

Mean scores and standard deviations were: 

§ Percentage format group (M = 3.68, SD = 0.70). 
§ Frequency format group (M = 3.69, SD = 0.84). 
§ Visual format group (M = 3.52, SD = 0.83). 

See figure 3 below for error bars. 
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Figure 3. Error bars with 95% Confidence Interval for mean of Perceived Likelihood 
(Absolute) 

 

 

 

 

 

 

 

 

 

4.2.5. No significant difference in Service Performance or W-O-M Intention 

As two alternative measures relating to consumer satisfaction, service performance and 
word-of-mouth intention were included in the analysis (the former assumed to be an 
antecedent to consumer satisfaction and the latter having a positive relationship with it). 
The one-way ANOVA revealed no significant differences in service performance, F(2, 
149) = 0.093, p = .91. The mean for the sample as a whole was 4.15 (SD = 0.63) on a 5-
point scale indicating a positive perception of service performance.  

Mean scores and standard deviations were: 

§ Percentage format group (M = 4.15, SD = 0.53). 
§ Frequency format group (M = 4.12, SD = 0.70) 
§ Visual format group (M = 4.18, SD = 0.67). 

Similarly, no significant differences were found in w-o-m intention, F(2, 149) = 0.26, p 
= .77. The variable was measured on a 7-point scale with a sample mean of 5.01 (SD = 
1.04) indicating that most respondents were likely to recommend the physician in the 
scenario.    

Mean scores and standard deviations were: 

§ Percentage format group (M = 5.04, SD = 0.78). 
§ Frequency format group (M = 5.06, SD = 1.28). 
§ Visual format group (M = 4.92, SD = 1.05). 

See figure 4 and 5 below for error bars.  
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Figure 4. Error Bars with 95% Confidence Interval for mean of Service Performance 

 

 

 

 

 

 

 

 

Figure 5. Error Bars with 95% Confidence Interval for mean of W-O-M Intention 

 

 

 

 

 

 

 

 

4.2.6. No significant difference in Basic Understanding 

The Basic Understanding variable was inspired by Gigerenzer et al. (2008) and included 
one item measuring respondents’ ability to estimate the number of individuals with 
elevated blood pressure expected to develop cardiovascular disease in the future, and 
one item asking them to estimate the percentage of individuals. Results revealed no 
significant differences in accuracy between groups, F(2, 149) = 2.47, p = .09. The same 
was true for the individual components of the measure (that is looking at Understanding 
Frequency and Understanding Percentage in isolation).  
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Mean scores and standard deviations were: 

§ Percentage format group (M = 0.84, SD = 0.35), 
§ Frequency format group (M = 0.75, SD = 0.39) 
§ Visual format group (M = 0.90, SD = 0.27). 

The mean for the whole sample was 0.83 (SD = 0.34) indicating that, on average, 
respondents answered almost both questions correctly (a score of 0.50 would indicate 
one correct answer out of two). Visual format yielded the highest proportion of correct 
answers for all basic understanding measures although no statistical significance was 
found. See table 8 below for overview.  

Table 8. Proportion of correct answers  

 Presentation Format 
Variable Percentage Frequency Visual 
Basic 84% 75% 90% 
Percentage 85% 73% 88% 
Frequency 83% 77% 92% 

 

4.3. Variable correlations 

There were a number of noteworthy correlations based on their significance level and 
their coefficients. For a complete overview refer to Appendix 5. For the aggregate 
group, understanding (RRI) and perceived likelihood (Absolute) had a significant 
negative correlation (r = -.213, p < .01). This indicates that perceiving the absolute 
likelihood of developing cardiovascular disease as higher was associated with lower 
understanding of RRI. As discussed in the methodology section, word-of-mouth 
intention correlated strongly with SERVPERF (r = .713, p < .01) which supports the 
construct validity of our SERVPERF variable. Numeracy (SNS) correlated positively 
and significantly with all understanding measures. There was also a significant positive 
correlation between understanding (RRI) and understanding (Basic), as one would 
expect (r = .223, p < .01). 

4.4. Summary of analysis 

A one-way ANOVA revealed that there was a significant effect of presentation format 
on perceived likelihood (relative), F(2, 149) = 3.407, p = .036. The effect size (η² = 
.044) indicated a small to medium effect. Tukey’s HSD Test for multiple comparisons 
revealed that individuals exposed to frequency format estimated the relative likelihood 
of developing cardiovascular disease in the future as being higher than the visual group 
did (p = .05).  



   
 

32 

A significant effect was also found on understanding (RRI), F(2, 149) = 3.440, p = 
.035. The effect size (η² = .044) again, indicated a small to medium effect. Tukey’s 
HSD found that the effect was significant between frequency format and percentage 
format (p = .028). The mean difference between the two groups revealed that 
individuals exposed to frequency format had higher accuracy when estimating the 
percentage increase in risk. On average, 63% got the correct answer when being 
exposed to frequency format, and only 37% were correct when exposed to percentage 
format.  

For all other variables and comparison sets, no significant effects were found. See 
Appendix 3 for a complete summary statistics table. 

4.5. Hypotheses summary 

For the basic guiding hypotheses concerning understanding, empirical support was 
found for H1 but not for H2. Although no significant effects were found for basic 
understanding, this variable was mainly included to test the construct validity of the 
SNS-scale. Refer to section 3.4.4. for rationale. The primary variable used for the 
hypotheses testing was understanding (RRI).  

 

Table 9 Summary of hypotheses 

 
 
H1 

Individuals exposed to frequency format will have better 
understanding compared to individuals exposed to 
percentage format. 

 
Supported 

 
H2 

Individuals exposed to visual format will have better 
understanding compared to individuals exposed to 
percentage format. 

 
Not supported 
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5. Discussion 

5.1. Conclusions and implications 

5.1.1. Perceived likelihood (Relative) 

The results revealed that presentation format had a significant effect on the perceived 
relative likelihood of developing cardiovascular disease in the future. This was however 
only the case when comparing frequency format with visual format. It was found that 
the former resulted in higher relative risk perceptions compared to the latter. A possible 
explanation that was discussed in Section 2.3. is that humans are more adept at 
understanding and processing natural frequencies. To the extent that we can say that a 
higher relative risk perception is “more correct”, it might simply be the case that 
individuals exposed to natural frequencies have an easier time to process the 
information. What is interesting is that the visual format with icon arrays also included 
natural frequencies, although the number of individuals not at risk is also spelled out 
directly and shown on the graphical illustration. It has been suggested in previous 
research that using icon arrays could in fact make the number of unaffected people stand 
out (Galesic et al., 2009). For this very reason, it could be that individuals in the visual 
group reported the relative risk as being lower compared to the frequency format group.  

Although modest, the effect size (η² = .044) indicated a small to medium effect. Cohen 
(1988) noted that meaningful effects within behavioral science might in fact be in this 
small order of magnitude. He further emphasized that achieving very high values is not 
common outside of natural sciences (Cohen, 1988). The implication from this finding is 
not clear-cut. It is not obvious that perceiving the relative risk as being higher is more 
correct or even desirable. Assuming that risk communication should be transparent and 
not try to deceive consumers, the application should be adapted based on the situation. 
In this specific scenario, a higher perception of relative risk seems to be related to better 
understanding of relative risk increase (se section 5.1.2. below). 

An important note is that although there was a statistically significant difference 
between frequency format and visual format, the same was not true for percentage 
format. This could mean that percentage format is similar to both frequency and visual 
format, or at least not different enough to reach statistical significance. It should be 
pointed out that when comparing frequency format with percentage format, the 
significance level almost reached the threshold (p = 0.08) with a positive mean 
difference. If a larger sample size would have been used, it is possible that statistical 
significance would have been reached. Again, the mean difference indicated that the 
frequency format group had higher perceptions of relative likelihood than percentage 
format. 
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5.1.2. Understanding (RRI) 

Accuracy of understanding relative risk increase was significantly influenced by 
presentation format. More specifically, individuals exposed to frequency format were 
better at estimating the percentage increase compared to individuals exposed to 
percentage format. This was in line with previous research which has suggested that 
natural frequencies improves people’s statistical reasoning (McDowell & Jacobs, 2017; 
Gigerenzer & Hoffrage, 1995). Interestingly, frequency format elicited higher 
perceptions of relative risk and higher accuracy of understanding relative risk increase. 
However, an important note that was made in the results section is that a considerable 
proportion of individuals in the percentage format group (52%) and visual format group 
(38%) seemed to have difficulty differentiating between percentages and percentage 
points. These individuals estimated that the percentage increase was 10% (the correct 
answer was 70%). The proportion of individuals in the frequency group that had this 
same difficulty was only 21%. The percentage point increase was indeed 10 (the 
difference between 24% and 14%), but the percentage increase was explicitly asked for. 
This finding is not trivial, as it might suggest that rather than frequency format 
increasing relative risk understanding, it could be that natural frequencies facilitates 
differentiation between percentages and percentage points. Since numeracy was similar 
at baseline for all groups, this effect should be attributable to the presentation format. 
Although this finding is important in itself, one should be conservative before jumping 
to any conclusion that frequency format increases understanding of relative risk increase 
based on this study alone. Nevertheless, the implication remains that frequency format 
seems to facilitate statistical reasoning in a broad sense. 

Again, no significant differences were found for visual format (compared to both 
frequency and percentage format). We cannot confidently say that the visual format 
group was better or worse at understanding RRI compared to the frequency or 
percentage format groups. In a similar vein, it is not certain that frequency format was 
better than visual format in increasing understanding. This was somewhat expected, as 
previous studies have found conflicting evidence of the efficacy of icon arrays (Galesic 
et al., 2009; Ruiz et al., 2013).  

5.1.3. Service Performance and Word-of-Mouth Intention 

Presentation format did not significantly impact service performance or word-of-mouth 
intention. Although empirical support of no effects are valuable in and of themselves, a 
discussion about the appropriateness of these measures might be warranted too. We did 
receive some comments about it being difficult to rate service performance based solely 
on the written scenario. In hindsight, we do acknowledge that a written scenario in a 
questionnaire might lack the necessary depth of a real interaction that is needed to rate 
service performance or estimate intentions to engage in word of mouth. For this reason, 
we are careful in suggesting any implications. Granted that presentation format would 
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have had a larger impact on understanding, it might be hypothesized that consumer 
satisfaction would increase as well (and therefore service performance and W-O-M 
Intention too). For this reason, it would be inappropriate to suggest that presentation 
format is of no importance for consumer satisfaction. In a scenario requiring more 
complex understanding, presentation format might be more significant.  

5.1.4. Perceived Likelihood (Absolute) and Understanding (Basic) 

Interestingly, the group exposed to visual format had the highest proportion of correct 
answers for all basic understanding measures although no statistical significance was 
found. One might have speculated a priori that the percentage format group would have 
the highest accuracy on the item relating to percentages, and that frequency format 
would score best on the item relating to frequencies. For both items the visual group 
was however superior (see Table 8 in the results section). Again, no statistical 
significance was found and this could simply be due to random chance. Likewise, 
presentation format had no significant impact on perceived likelihood (absolute). It 
could be that statistics stated in absolute terms are easier to interpret and, as a result, 
perceptions will be unaffected by presentation format. The advantage of natural 
frequencies in statistical reasoning implies nothing about how subjects should perceive 
absolute risk. Nevertheless, this variable was interesting to include since there has been 
evidence of, for example, icon arrays increasing the perceived seriousness of risk 
(Galesic et al., 2009). For this reason, it could be speculated that this perception bias 
would spill over into perceiving the absolute risk as being higher as well. No evidence 
was however found for this. The proposed implication is that presentation format is of 
less importance when communicating absolute risk. In a similar vein, basic 
understanding of risk communication also seems unaffected by presentation format. 
This suggests that context is crucial when evaluating an appropriate presentation format. 
For risk communication involving more cognitive processing and statistical reasoning, 
frequency format seems most appropriate. For simpler communication about risk, the 
format is of less importance. 

5.2. Limitations 

We acknowledge that this thesis has limitations, some of which have been touched upon 
in previous sections, and some that have yet to be discussed. First and foremost, the data 
collection strategy was a form of convenience sampling (limited to our own social 
networks) and although we did achieve some diversity in terms of respondents’ 
demographics, it should not be viewed as a true representation of the population. This 
limits the generalizability of our findings.  

Secondly, our measures of both perceived likelihood (relative) and understanding (RRI) 
consisted of one only item each. Perceived likelihood (relative) was reduced from two 
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items to one since we found issues with the internal reliability of the original scale (refer 
to section 3.6.1. for more details). It is widely recognized that more items lead to better 
construct representation and using too few is considered problematic (Eisinga et al., 
2013; Marsh et al., 1998). Since these were the only variables where significant 
differences were found, even more prudence is called for when interpreting the results.  

Thirdly, an important phenomenon related to risk communication is the concept of risk 
targets and the interplay of comparative optimism. When subjects have been asked to 
rate the risk for different activities there have been considerable inconsistencies 
depending on the specified risk target. Whether they are instructed to rate the risk to 
themselves, their family, or people in general there is a strong tendency to rate the risk 
to others as being significantly higher than to themselves (Sjöberg, 2000). This 
phenomenon, coined comparative optimism, describes the tendency of individuals to 
believe that negative events are more likely to happen to others than to themselves 
(Chambers et al., 2003). This has important implications for our study since most 
variables had a third person (the individual they read the scenario about) as specified 
risk target. This experiment design feature was chosen out of consideration for GDPR 
(in order to not collect sensitive data related to individual health status) and ethical 
concerns. Consequently, it is possible that respondents rated both the absolute and the 
relative risk as being higher than they would have if the scenario referred directly to 
themselves. The same is true for the other variables which referred to the individual in 
the scenario and not to the respondent. For this reason, the results could have been 
different if the risk target was specified as the respondents themselves and the scenario 
was written in a second-person narrative (the “you” perspective). 

Lastly, it must be mentioned that communicating risks about other illnesses than 
cardiovascular disease might drastically change the results. Although severe, 
perceptions of cardiovascular disease might be significantly different than perceptions 
of, for example, cancer. It could be hypothesized that the choice of disease will evoke 
different emotional reactions which could very well impact the results. The same might 
be said about diseases considered “less severe”. For this reason, the key findings of this 
thesis might not be applicable to other contexts. 

5.2.1. Improvements for future research  

If we were to redo this study, all the points above would be taken into consideration. 
We would have used true probability sampling to strengthen the generalizability of our 
findings. Furthermore, we would make sure that all variables included in the analysis 
contained a sufficient number of items. It would also be interesting to think about 
changing the risk target and designing an experiment that referred directly to the 
respondents. To gain deeper insights about understanding, it would be valuable to also 
ask for a comment on the respondents’ thought processes when estimating RRI. It is 
possible that the significant effect on this variable was due to confusion of percentage 
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increase and percentage points. To capture consumer satisfaction, we would look at 
other ways of measuring this even when the scenario might lack the nuances of a real 
encounter. We would also go beyond just communicating health risk and see if different 
effects are found in other domains (for example for financial or insurance products). 

5.3. Conclusions and final words 

The purpose of this thesis was to examine how presentation format might impact 
important outcome variables related to risk communication. It is our hope that we were 
able to shed some light on the psychological processes that underpin risk perception, 
understanding and consumer satisfaction. In the best of worlds, this might help inform 
public and private entities on the most appropriate “language of risk”. Results reveal 
that all three presentation formats are suitable when communicating basic and absolute 
risk, but frequency format seems most appropriate when communicating risks that 
require more cognitive processing and statistical reasoning. With that being said, more 
research is needed to reach a definitive answer of which presentation format is most 
appropriate for other situations.   
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7. Appendices 

Appendix 1. Sample demographics 

 N  Percentage 
Variables 152 n  100% 
GENDER    
Male 93 61.2 
Female 59 38.8 
   
AGE (M = 30)   
18 – 24 70 46.1 
25 – 29 40 26.3 
30 – 39 13 8.6 
40 – 49 7 4.6 
> 50 22 14.5 
   
EDUCATIONAL ATTAINMENT   
Elementary school or equivalent 4 2.6 
High school diploma 61 40.1 
Vocational education 6 3.9 
College or university (1–3 years) 29 19.1 
College or university (>3 years) 52 34.2 
   
PRESENTATION FORMAT   
Percentage format 54 35.5 
Frequency format 48 31.6 
Visual format 50 32.9 

 

Appendix 2. One-way analysis of variance (ANOVA) for sample demographics 
and numeracy 

Variable Mean 
Square 

F Df Significance Effect Size (η2) 

DEMOGRAPHICS      
Age 90.70 .50 2 .61 .01 
Gender .17 .73 2 .49 .01 
Educational Attainment 1.46 .77 2 .47 .01 
      
CONTROL      
Subjective Numeracy Scale .14 .16 2 .84 .02 
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Appendix 3. Summary statistics table 
Panel A: Descriptive Statistics for All Presentation Formats (n = 152) 
 
Variable Mean SD Median Minimum Maximum 
Perceived Likelihood (Absolute) 3.66 .78 4.00 1.67 5.00 
Perceived Likelihood (Relative) 4.02 .48 4.00 2.00 5.00 
Service Performance 4.15 .63 4.17 1.83 5.00 
Word of Mouth Intention 5.01 1.04 5.00 1.00 7.00 
Understanding RRI .50 .50 .50 .00 1.00 
Understanding Basic .83 .34 1.00 .00 1.00 
Understanding Percentage .82 .38 1.00 .00 1.00 
Understanding Frequency .84 .37 1.00 .00 1.00 
Subjective Numeracy Scale 4.34 .91 4.44 1.88 6.00 
      
Panel B: Descriptive Statistics for Percentage Format (n = 54) 
 
Variable Mean SD Median Minimum Maximum 
Perceived Likelihood (Absolute) 3.68 .70 4.00 1.67 4.33 
Perceived Likelihood (Relative) 3.96 .55 4.00 2.00 5.00 
Service Performance 4.15 .53 4.00 3.00 5.00 
Word of Mouth Intention 5.04 .78 5.00 3.00 7.00 
Understanding RRI .37 .49 .00 .00 1.00 
Understanding Basic .84 .35 1.00 .00 1.00 
Understanding Percentage .85 .36 1.00 .00 1.00 
Understanding Frequency .83 .38 1.00 .00 1.00 
Subjective Numeracy Scale 4.29 1.02 4.25 1.88 6.00 
      
Panel C: Descriptive Statistic for Frequency Format (n = 48) 
      
Variable Mean SD Median Minimum Maximum 
Perceived Likelihood (Absolute) 3.69 .84 4.00 1.67 5.00 
Perceived Likelihood (Relative) 4.17 .43 4.00 3.00 5.00 
Service Performance 4.12 .70 4.33 1.83 5.00 
Word of Mouth Intention 5.06 1.28 5.00 1.00 7.00 
Understanding RRI .63 .49 1.00 .00 1.00 
Understanding Basic .75 .39 1.00 .00 1.00 
Understanding Percentage .73 .45 1.00 .00 1.00 
Understanding Frequency .77 .42 1.00 .00 1.00 
Subjective Numeracy Scale 4.39 .75 4.38 2.75 5.63 
      
Panel D: Descriptive Statistic for Visual Format (n = 50) 
      
Variable Mean SD Median Minimum Maximum 
Perceived Likelihood (Absolute) 3.62 .83 4.00 1.67 4.67 
Perceived Likelihood (Relative) 3.94 .42 4.00 2.00 5.00 
Service Performance 4.18 .67 4.25 2.50 5.00 
Word of Mouth Intention 4.92 1.05 5.00 2.00 7.00 
Understanding RRI .52 .50 1.00 .00 1.00 
Understanding Basic .90 .27 1.00 .00 1.00 
Understanding Percentage .88 .33 1.00 .00 1.00 
Understanding Frequency .92 .27 1.00 .00 1.00 
Subjective Numeracy Scale 4.36 .94 4.63 2.25 6.00 
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Appendix 4. Error Bars with 95% Confidence Interval for mean and Boxplots  
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Appendix 5. Pearson correlation matrix 
            
PANEL A Correlations between variable for all presentation formats 
 M SD 1. 2. 3. 4. 5. 6. 7. 8. 9. 
1. Perceived Likelihood (Absolute) 3.66 0.78 1.00 -.01 .14 .10 -.213** -.177* -.171* -.15 -.16 
2. Perceived Likelihood (Relative) 4.02 0.48 -.01 1.00 .02 .03 .12 .04 .06 .02 .11 
3. Service Performance 4.15 0.63 .14 .02 1.00 .713** -.04 -.12 -.15 -.05 .09 
4. W-O-M Intention 5.01 1.04 .10 .03 .713** 1.00 -.12 -.166* -.197* -.10 .03 
5. Understanding RRI 0.50 0.50 -.213** .12 -.04 -.12 1.00 .223** .224** .180* .304** 
6. Understanding Basic 0.83 0.34 -.177* .04 -.12 -.166* .223** 1.00 .912** .903** .208** 
7. Understanding Percentage 0.82 0.38 -.171* .06 -.15 -.197* .224** .912** 1.00 .648** .207* 
8.Understanding Frequency 0.84 0.37 -.15 .02 -.05 -.10 .180* .903** .648** 1.00 .171* 
9. Subjective Numeracy Scale 4.34 0.91 -.16 .11 .09 .03 .304** .208** .207* .171* 1.00 
            
PANEL B Correlations between variables for Percentage format 
 M SD 1. 2. 3. 4. 5. 6. 7. 8. 9. 
1. Perceived Likelihood (Absolute) 3.68 0.70 1.00 -0.05 0.05 -0.17 -.270* -0.15 -0.14 -0.14 -.322* 
2. Perceived Likelihood (Relative) 3.96 0.55 -0.05 1.00 0.03 0.00 -0.02 -0.03 -0.03 -0.03 0.03 
3. Service Performance 4.15 0.53 0.05 0.03 1.00 .576** -0.11 -0.03 -0.05 -0.01 0.12 
4. W-O-M Intention 5.04 0.78 -0.17 0.00 .576** 1.00 -0.14 0.02 0.02 0.02 0.23 
5. Understanding RRI 0.37 0.49 -.270* -0.02 -0.11 -0.14 1.00 0.13 0.10 0.14 .314* 
6. Understanding Basic 0.84 0.35 -0.15 -0.03 -0.03 0.02 0.13 1.00 .944** .949** 0.26 
7. Understanding Percentage 0.85 0.36 -0.14 -0.03 -0.05 0.02 0.10 .944** 1.00 .793** 0.26 
8.Understanding Frequency 0.83 0.38 -0.14 -0.03 -0.01 0.02 0.14 .949** .793** 1.00 0.24 
9. Subjective Numeracy Scale 4.29 1.02 -.322* 0.03 0.12 0.23 .314* 0.26 0.26 0.24 1.00 
            
PANEL C Correlations between variable for Frequency format 
 M SD 1. 2. 3. 4. 5. 6. 7. 8. 9. 
1. Perceived Likelihood (Absolute) 3.69 0.84 1.00 -.09 .22 .14 -.448** -.400** -.381** -.325* -.04 
2. Perceived Likelihood (Relative) 4.17 0.43 -.09 1.00 .10 .17 .10 -.06 .02 -.14 .13 
3. Service Performance 4.12 0.70 .22 .10 1.00 .832** -.18 -.15 -.20 -.06 .306* 
4. W-O-M Intention 5.06 1.28 .14 .17 .832** 1.00 -.23 -.21 -.27 -.09 .18 
5. Understanding RRI 0.63 0.49 -.448** .10 -.18 -.23 1.00 .451** .496** .294* .412** 
6. Understanding Basic 0.75 0.39 -.400** -.06 -.15 -.21 .451** 1.00 .890** .876** .12 
7. Understanding Percentage 0.73 0.45 -.381** .02 -.20 -.27 .496** .890** 1.00 .560** .22 
8.Understanding Frequency 0.77 0.42 -.325* -.14 -.06 -.09 .294* .876** .560** 1.00 -.02 
9. Subjective Numeracy Scale 4.39 0.75 -.04 .13 .306* .18 .412** .12 .22 -.02 1.00 
            
PANEL D Correlations between variable for Visual format 
 M SD 1. 2. 3. 4. 5. 6. 7. 8. 9. 
1. Perceived Likelihood (Absolute) 3.62 0.83 1.00 .09 .14 .22 .04 .10 .08 .10 -.10 
2. Perceived Likelihood (Relative) 3.94 0.42 .09 1.00 -.06 -.15 .24 .486** .387** .484** .21 
3. Service Performance 4.18 0.67 .14 -.06 1.00 .676** .15 -.20 -.23 -.13 -.09 
4. W-O-M Intention 4.92 1.05 .22 -.15 .676** 1.00 .00 -.285* -.27 -.24 -.28 
5. Understanding RRI 0.52 0.50 .04 .24 .15 .00 1.00 .17 .14 .16 .21 
6. Understanding Basic 0.90 0.27 .10 .486** -.20 -.285* .17 1.00 .907** .864** .27 
7. Understanding Percentage 0.88 0.33 .08 .387** -.23 -.27 .14 .907** 1.00 .572** .18 
8.Understanding Frequency 0.92 0.27 .10 .484** -.13 -.24 .16 .864** .572** 1.00 .321* 
9. Subjective Numeracy Scale 4.36 0.94 -.10 .21 -.09 -.28 .21 .27 .18 .321* 1.00 

 * Correlation is significant at the .05 level (2-tailed).  
** Correlation is significant at the .01 level (2-tailed).    
      
  

Appendix 6. Distribution of responses for Understanding (RRI) 

 Presentation Format 
Variable Percentage Frequency Visual 
  n  n  n 
Approximately 10% 52% 28 21% 10 38% 19 
Approximately 170% 4% 2 4% 2 6% 3 
Approximately 70%a 37% 20 63% 30 52% 26 
Approximately 15% 7% 4 13% 6 4% 2 

a Correct answer 
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Appendix 7. The survey 
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Appendix 8. Disclosure of AI-tools 

Based on the current status of generative AI-tools and their availability, SSE requires an 
AI-disclosure (as of December 2023). 

The authors of this thesis verify that no AI-tools have been used during the writing of 
this thesis or during the collection of data. Our understanding is that the current 
generation of generative AI (such as Chat GPT-3.5/4) is not sophisticated enough to 
provide reliable and unbiased output. To our knowledge, tools such as Chat GPT have 
limited access to information published after a certain cut-off date and have been 
reported to provide users with references to articles that do not exist.  

However, we do recognize that moving forward AI-tools might prove useful in certain 
stages of the thesis writing process. If the current generation of AI was able to retrieve 
published articles in real-time, the literature search could be more efficient. There could 
also be a use-case in terms of generating visual content for experiments based on 
prompts from the researcher. 

As of today, we do not consider the application of AI to be viable in thesis writing 
based on the reasons stated above.  


