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ABSTRACT
Low perceived risk of is associated with a low probability of engaging 
in risk preventive behaviours. Temporal framing has been suggested 
to make the risk seem higher, as narrower time frames appear to 
increase perceived risk and intentions to engage in risk-preventive 
behaviours. In two online experiments, we tested how manipulating 
risk information about colorectal cancer (CRC) influenced risk percep
tion and preventive behaviours. 902 men and women aged 45–54 
were recruited from an English online panel. Study 1 (N = 132) 
investigated how communicating CRC mortality instead of incidence 
rates influences risk perception, using both yearly and daily frames. In 
study 2 (N = 770), CRC incidence was described as occurring yearly, 
daily or hourly. The primary outcome measures were risk perception, 
intention to engage in preventive behaviours and whether partici
pants chose to read information about ways to reduce CRC risk or 
skip it to finish the survey. Study 1 did not find a difference in 
intentions based on information about the risk of developing vs the 
risk of dying of CRC. Study 2 found that, while communicating CRC 
incidence occurring as every day increased information-seeking beha
viour compared to every year and every hour (57.4% vs 45.9% vs 
45.6%, p = 0.012), individuals in the daily condition were less likely 
to get all comprehension questions right (69.9% vs 78.2% vs 85.0%, 
respectively, p = 0.015). Temporal framing had no impact on per
ceived risk or intentions to engage in risk-reducing behaviours. While 
manipulating risk information in terms of temporal framing did not 
increase perceived risk, it may influence people’s decision to engage 
with the information in the first place.
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Introduction

Individuals are confronted with various information about their health risks. The way 
these risks are perceived influences how individuals react to them (Schmälzle et al., 2017). 
Understanding how health risks are perceived can improve the effectiveness of health 
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messages. Of such efforts, the Construal level theory (CLT) states the psychological 
distance influences individuals’ cognition and behaviour such that objects that appear 
closer in time are perceived more concretely (Chandran, & Menon, 2004; Trope & 
Liberman, 2003). People weigh proximal risks more than distant risks (Roh et al., 2018; 
Zhao & Peterson, 2017). Similarly, shorter time windows should be easier to understand 
and easier to imagine, so that risk messages presented in narrow time windows are 
perceived as riskier. Previous studies found such a temporal framing effect on perceived 
risk when investigating heart disease (Chandran & Menon, 2004), healthy eating (Lo 
et al., 2012), virus threat (White, Johnson & Kwan, 2014), health advertising messages 
(Kees, 2010), smoking (Kim & Kim, 2018). While these results were confirmed in a recent 
study on heart disease using visual-based infographics (Lee et al., 2021), the study also 
found that similar to Bonner and Newell (2008), that text-based messages were more 
effective in increasing perceived risk when using a year frame than a day frame. Bonner 
and Newell (2008) suggested this may have been due to the ratio bias or numerosity 
heuristic, which is peoples’ tendency to judge a probability by the numerator instead of 
the overall proportion (Kirkpatrick & Epstein, 1992; Pelham et al., 1994). Thus, people 
perceive the event as more likely if it is communicated as a large-numbered ratio, such as 
20/100, rather than a smaller-numbered but equivalent ratio, such as 2/10. Similarly, 
according to the numerosity heuristic, individuals focus on the number rather than the 
type of unit in which quantitative information is communicated (Pandelaere, 2011; 
Pelham et al., 1994). When focusing on the number, the quantity becomes dimensionless 
and as a result, individuals think that higher numbers imply larger quantities. Bonner and 
Newell (200) conclude that the temporal framing effect, found in previous studies, was 
due to their use of verbal quantifiers instead of numerical information.

While all studies suggested some kind of temporal framing effect, they were never
theless limited by using student populations, small sample sizes and a within-subject 
design, in which study participants are exposed to more than one condition. It is thus not 
clear, how temporal frames influence decision making in real-life settings. Especially, as 
none of the studies used objectively measured behavioural outcomes. Additionally, as 
these studies communicated health risk presented as either mortality or incidence, it is 
unclear if there is an interaction.

This question is particularly relevant as temporal frames are used in a journalist’s 
guide by the UK’s leading bowel cancer charity (‘Bowel Cancer UK’). Specifically, the 
guide reports incidence of colorectal cancer (CRC) as occurring both every 15 minutes 
and every year (Bowel Cancer UK, 2019). Based on CLT, one would assume that the 
narrower time frame would lead to higher perceived risk.

CRC is a leading cause of death around the world (National Health Service, 2017; 
Schreuders et al., 2015; Sung et al., 2021). Survival can be improved through early 
diagnosis, such as organised screening programmes for early detection (National 
Health Service, 2017; Schreuders et al., 2015). Despite the availability of several effective 
CRC screening tests, uptake is often below of national and international guidelines (e.g., 
the European Guidelines for Quality Assurance in Colorectal Cancer Screening and 
Diagnosis, which has a minimum participation rate of 65%, Duffy et al., 2017; Von 
et al., 2021). Low uptake has been associated with low perceived risk of developing CRC 
(Gimeno Garcia, 2012; Power et al., 2009).
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The current research

In this study, we tested the hypothesis that the narrower temporal framing of CRC risk 
increases individuals’ perception of the risk and interest in learning about preventive 
behaviours. Specifically, we wanted to compare whether communicating numerical 
information about CRC risk as occurring ‘every hour’ or ‘every day’ instead of 
‘every year’ increases perceived risk of CRC and active interest in preventive beha
viours, such as risk testing or participate in CRC screening. To test these temporal 
frames, we conducted two experimental studies in spring 2019. The gap in research also 
emerged as no previous study applied temporal framing to the communication of CRC 
risk.

In Study 1, we investigated whether communicating CRC mortality instead of inci
dence influences perception of CRC risk. Participants were randomised to either receive 
information about CRC risk in terms of mortality or incidence and were presented with 
these risks occurring as both ‘every year’ or ‘every day’ in random order. Participants 
were asked to state their own perceived risk and that of an average person for each 
temporal frame.

Study 2 then compared the impact of the three temporal framings on perceived risk, 
intentions to engage in preventive behaviours and active interest in reading about 
prevention. Thus, as Study 1 looked at the effect of communicating CRC mortality 
instead of incidence on risk perception using both ‘every year’ and ‘every day’ simulta
neously, Study 2 investigated how temporal frames influence intentions and active 
interest in reading about preventive behaviours.

We conducted sample size calculations for both experiments before data collection 
based on estimates obtained from previous literature and pilot studies to have 80% 
statistical power to detect differences of at least 10% in perceived risk, with an alpha 
value of 0.05 (Cohen, 1988). All statistical analysis was conducted with Stata/SE version 
15.1 (StataCorp LP, College Station, TX) and the protocols for both studies were 
approved by the UCL Research Ethics Committee (approval number 13 439/005). The 
surveys, data and Stata codes for both experiments are available via OSF: https://osf.io/ 
68awv/?view_only=1569e2253ced42ceaf379f2bc7d77e65.

Study 1 – Comparing incidence and mortality rates

The primary aim of Study 1 was to investigate whether the perceived risk of CRC depends 
on mortality or incidence being communicated, using both yearly and daily frames in 
random order.

Methods

An online survey was designed by Survey Monkey and the survey company Dynata 
invited men and women aged 45–54 living in England from their online panel to take 
part in the survey. All participants were informed that they would be rewarded with 
points for completing the survey, which could then be exchanged for money (around 
£0.50) or donated to charity. The number of points was defined by the length of the 
questionnaire, for completing the survey.
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Once individuals agreed to participate in the survey, we asked them about their medical 
history. Only participants who had never done a CRC screening test, had no previous 
diagnosis of bowel cancer or part of their bowel removed were eligible for the survey. 
Eligible participants were then allocated at random to one of two experimental conditions 
in which they received information about CRC risk in terms of mortality or incidence. We 
used information on both mortality and incidence for men and women aged 45 to 54 from 
the website of Cancer Research UK (2016). The data covered the years 2014 until 2016. 
Participants in both experimental conditions were presented with the same risk occurring 
as ‘every year’ (distant condition) and ‘every day’ (proximal condition) in random order. 
Note that men and women received information about mortality or incidence for their 
gender and that the values were rounded down to the next integer (see, Table 1)

Measures

Participants were asked to state their own perceived risk for each temporal frame using 
a slider from 0 to 100 with was adapted from Chandran and Menon (2004). Those in the 
mortality condition were asked their perceived risk of dying from CRC: ‘How likely do 
you think it is that you would die from bowel cancer in your life from 0 to 100 where 0 not 
likely at all and 100 means extremely likely?’ In contrast, those in the incidence condition 
were presented with the question: ‘How likely do you think it is that you would develop 
bowel cancer in your life from 0 to 100 where 0 not likely at all and 100 means extremely 
likely?’. Participants were then debriefed about the temporal frames and asked to com
pare them based on how easy they were to understand and imagine, how motivational 
they are and whether they should be used for communication to the public with the 
questions: ‘Given that both messages refer to the same number of men/women being 
diagnosed/dying with bowel cancer, which one is easier to understand?’, ‘ . . . which one 
is easier to imagine?’, ‘ . . . which one is more motivational to engage in behaviours to 
prevent bowel cancer?’ and ‘which one should be used by the NHS for communication?’

We further assessed participants’ numeracy skills with the question ‘Which of the 
following numbers represents the biggest risk of getting a disease?’ with four possible 
answers ‘1/10’, ‘1/100’, ‘1/1000’, and ‘Don’t know’ (Lipkus et al., 2001; Stoffel et al., 
2019a, 2019b). Finally, we collected background information about participants’ exact 

Table 1. CRC incidence and mortality messages presented to men and women in Study 1.
Every year Every day

Incidence condition (Men) Every year, around 1,570 men aged 
between 45 and 54 are diagnosed with CRC in 
the UK. 
(Women) Every year, around 1,350 women 
aged between 45 and 54 are diagnosed with 
CRC in the UK.

(Men) Every day, around 4 men aged between 
45 and 54 are diagnosed with CRC in the UK. 
(Women) Every day, around 4 women aged 
between 45 and 54 are diagnosed with CRC 
in the UK.

Mortality condition (Men) Every year, around 420 men aged between 
45 and 54 die from CRC in the UK. 
(Women) Every year, around 340 women aged 
between 45 and 54 die from CRC in the UK.

(Men) Every day, around 1 man aged between 
45 and 54 die from CRC in the UK. 
(Women) Every day, around 1 woman aged 
between 45 and 54 die from CRC in the UK.

Study participants were presented the every year and every day frames in random order.
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age, gender, ethnicity employment and living status as well as whether they know some
body who had CRC and information about their healthy lifestyle (i.e. the number of fruit 
and vegetable portions, frequency of exercising and smoking status).

Participants

Out of the 185 men and women aged 45–54 years who gave consent to participate in the 
study, 53 were excluded because of ineligibility (either due to wrong age, having 
a previous diagnosis of bowel cancer or part of their bowel removed) and 2 participants 
dropped out during the survey, leaving us with a final sample of 132 participants (68 in 
the mortality and 64 in the incidence condition). Figure S1 in the supplementary file 
presents the for flow through Study 1 and Table S1 in the supplementary file shows that 
most participants were aged between 45 and 49 years (N = 70; 53%), female (N = 79; 
59.8%), white (N = 123; 92.3%), were in paid employment (N = 91; 68.9%), had formal 
education (N = 83; 62.9%) and that there were no imbalances in sociodemographic 
characteristics among the two experimental conditions.

Statistical analysis

As answers to the risk perception questions were not normally distributed (see Figure S2 
in supplementary file), we used medians as measures of central tendency and calculated 
95% confidence intervals for each risk item using nonparametric bootstraps (Stoffel et al., 
2019a). Friedman and Wilcoxon signed-rank tests were used to compare perceived risk.

Results

Table 2 summarises the median values of own and average risk for each experi
mental condition and temporal frame. Wilcoxon signed-rank sum tests showed no 
difference in perceived risk across the two conditions (p = 0.986 for the yearly frame 
and p = 0.714 for the daily frame). Median perceived risk varied between 40 and 
45.5. Furthermore, non-parametric Friedman tests of differences among the tem
poral frames rendered a Chi-square value of 0.756 with p = 0.382 for the incidence 
condition and a Chi-square value of 0.015 with p = 0.904 for the mortality condi
tion, indicating that there is no evidence that the distributions of risk perceptions 
were different across the two temporal frames.

Looking at which temporal frames were perceived as easiest to understand and 
imagine, Figure 1 and Table S2 in the supplementary file reveal that most partici
pants perceived both temporal frames as equally easy to understand. Fisher’s exact 

Table 2. Effect on own perceived risk of developing CRC in Study 1 (N = 132).
Incidence 

(N = 64)
Mortality 

(N = 68)
Overall 
(N = 132)

p-value*

Median (95% CI) Median (95% CI) Median (95% CI)

Every year framing 45.5 (32.09–58.91) 40.0 (29.60–50.62) 42.5 (30.04–51.96) 0.985
Every day framing 45.5 (34.51–56.49) 40.5 (30.28–50.72) 44.0 (37.69–50.31) 0.714

p-value refers to Kruskal–Wallis test
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tests showed that the perceived imaginability was independent of the experimental 
condition. The understandability, however, varied between the conditions, with 
individuals in the incidence condition being more likely to perceive the daily 
frame as easier to understand than those in the mortality condition (p = 0.034, 
Fisher’s exact test). Most participants thought that both temporal frames were 
equally motivating and can be used for official communication. The daily frame 
was always the second most frequently chosen option. Only a few participants 
perceived the yearly frame as easier to understand (N = 20, 15.1%), imagine 
(N = 16, 12.1%) or more motivational (N = 20, 15.1%) than the daily frame (see 
Table S2 in supplementary file).

There was no difference in perceived risk between the mortality and incidence 
condition. Furthermore, while we did not find any effect of temporal framing on the 
perceived risk, the results from the comparison question suggest that slightly more 
individuals perceived the narrower temporal frame as easier to understand or motiva
tional. The next step to better understand the effect of temporal framing would be to 
examine whether they exert any effect on intentions and active interest in learning more 
about prevention of CRC in an experiment that features a between-subject design. To this 
end, Study 2 compared the yearly frame and the daily frame for CRC incidence with an 
additional even narrower temporal hourly frame. This approach allowed us to test the 
motivational effect of temporal frames.

Figure 1. Perception of the every year and every day frames in Study 1 (N = 132).
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Study 2 – Testing different temporal frames

The primary aim of Study 2 was to compare the effects of different temporal framing of 
CRC incidence on intentions to engage in preventive health behaviours and active 
interest in reading more about ways to prevent CRC. Using comprehension checks, 
Study 2 also looked at whether the temporal framing influenced information processing.

Methods
The design of the second experiment followed Study 1 in that we conducted an 

online survey in SurveyMonkey in which eligible study participants were randomly 
allocated to different experimental conditions; yearly frame (annual CRC incidence), 
daily frame (daily CRC incidence) and hourly frame (hourly CRC incidence). Note 
that the sampling method was identical to that in Study 1 but used a different pool 
of participants. Again, we provided men and women separate CRC incidence 
statistics. This time though, the CRC incidence was calculated for men and 
women aged 45 or older and not 45 to 54. This decision was made to get sufficiently 
large CRC incidence numbers for the hourly frame and required a change in the 
framing of the information. Specifically, men in the yearly frame received the 
information that every year, around 22,600 men aged 45 or older are diagnosed 
with bowel cancer in the UK. Table 3 summarises the different frames for men and 
women. Study participants were then asked a comprehension check about the 
communicated CRC incidence and could not continue with the survey without 
correctly identifying the correct incidence rate (Stoffel et al., 2019a, 2019b).

Measures

Participants were asked to state their perceived risk of developing CRC for themselves 
and an average man/woman using a slider from 0 to 100 (Chandran & Menon, 2004). 
Specifically, they were asked: ‘How likely do you think it is that you would develop bowel 
cancer (at some point) in your life from 0 to 100 where 0 not likely at all and 100 means 
extremely likely?’ and ‘How likely do you think it is that a man/woman the same age as you 
develops bowel cancer in your life from 0 to 100 where 0 not likely at all and 100 means 
extremely likely?’

Similar to Study 1, participants were asked to indicate how easy it was for them to 
imagine that x men/women are diagnosed with bowel cancer every year/day/hour and 
how interesting they found the provided information about bowel cancer and the 

Table 3. Temporally framed CRC incidence messages presented to men and women in Study 2.
Men Women

Every year condition Every year, around 22,600 
men aged 45 or older are diagnosed with 
bowel cancer in the UK.

Every year, around 18,100 
women aged 45 or older are diagnosed with 
bowel cancer in the UK.

Every day condition Every day, around 62 men aged 45 or older are 
diagnosed with bowel cancer in the UK.

Every day, around 50 women aged 45 or older 
are diagnosed with bowel cancer in the UK.

Every hour condition Every hour, around 3 men aged 45 or older are 
diagnosed with bowel cancer in the UK.

Every hour, around 2 women aged 45 or older 
are diagnosed with bowel cancer in the UK.
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number of people diagnosed with bowel cancer. Both questions were adapted from 
Newell et al., 2008 and featured 7-point Likert scale response options were 1 meant not 
at all and 7 very much2008.

Intentions to engage in preventive behaviours were measured with three separate 
questions, adapted from previous studies (Stoffel et al., 2019a, 2019b). The first question 
asked participants whether they would fill out an online bowel cancer risk form that 
calculates their risk of developing bowel cancer in the next 10 years based on their age, 
gender, level of physical activity, eating and drinking habits, smoking, current health 
problems as well as family history. The second intention question asked them whether 
they would do a genetic test for bowel cancer, which examines their DNA through 
a blood sample. The final intention question asked whether they would take up the 
offer to participate in the NHS Bowel Scope Screening programme once they are invited 
at the age of 55, which consists of an invasive sigmoidoscopy screening test. All questions 
featured the same fully labelled 4-point response scale (‘definitely not’, ‘probably not’, 
‘probably yes’ and ‘definitely yes’).

Active interest in reading more about CRC prevention was measured with the ques
tion: ‘Before continuing with the survey, would you be interested in reading a list about 
ways to prevent bowel cancer or would you prefer to skip these and finish the survey?’ with 
response options: ‘I would like to read the list before continuing with the survey’ and 
‘I want to skip the list and finish the survey’. Those who chose the second response option 
were sent to the end of the questionnaire, while others were presented additional 
information about ways to prevent CRC. Engagement with this information was mea
sured with three comprehension questions (Stoffel et al., 2019a, 2019b).

The survey finished with questions about the numeracy skills, background informa
tion about participants’ exact age, gender, ethnicity employment and living status as well 
as whether they know somebody who had CRC and information about their healthy 
lifestyle (i.e. the number of fruit and vegetable portions, frequency of exercising and 
smoking status).

Participants

We recruited 1295 men and women aged 45–54 years from an online survey sample, we 
excluded 351 because of unacceptability and lost 74 due to drop-outs, leaving us with 
a final sample of 770 participants (270 in yearly condition, 237 in the daily condition and 
263 in the hourly condition). The flow through Study 2 is presented in Figure S3 in the 
supplementary file. Table S3 in the supplementary file shows that most participants were 
aged between 45 and 49 years (N = 398; 51.7%), male (N = 391; 50.8%), white (N = 710; 
92.2%), were in paid employment (N = 526; 68.3%), had formal education (N = 433; 
56.2%) and that there were no imbalances in sociodemographic characteristics among 
the two experimental conditions.

Statistical analysis

Our main outcomes were perceived risk, intention to use risk testing or participate in 
CRC screening, and active interest in reading about CRC prevention after exposure to the 
CRC incidence rates. We conducted Chi-Square tests of independence for categorical 
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outcome variables (i.e. intentions and active interest) and followed up with multivariable 
logistic regressions if the univariate analyses suggested a statistical difference between the 
experimental conditions. As answers to the risk perception questions were not normally 
distributed (see Figure S4 in the supplementary file), we used medians as measures of 
central tendency and calculated confidence intervals for each quantifier using nonpara
metric bootstraps, as responses were not normally distributed. Wilcoxon signed-rank 
tests were used to compare perceived risk across conditions.

All adjusted regression models included age, gender, ethnicity, education, employ
ment status, numeracy skills, health lifestyle and knowing somebody with CRC (blood- 
related or not) as covariates. Odds ratios (ORs) for the experimental conditions are 
presented in the text and full models showing all the covariates in table S4 in the 
supplementary file.

Results

Effect on perception items

The Kruskal–Wallis tests in Table 4 show that there were no statistically significant 
differences in perceived risk across the three temporal frames. Independently, whether 
participants were asked to indicate the perceived risk for themselves or an average person 
of the same gender and age, they indicated that the risk was around 50 out of 100. The 
medians for their own perceived risk, however, were slightly lower than those of the risk 
of others in all three experimental conditions (varying between 1.0 in the everyday 
condition and 4.5 in the every year condition, respectively).

The temporal frame did not affect the way participants perceived the information 
either. The Kruskal–Wallis tests in Table 5 revealed that all information about CRC 
incidence was perceived as interesting and easy to imagine (see Figure S5 in supplemen
tary file).

Effect on intentions

Chi-square tests of independence reported in Table 6 shows that the temporal frame did 
not influence intentions to use risk testing or participate in CRC screening. 
Independently from the experimental conditions, most study participants indicated 
that they would probably or definitely use the risk calculator or take part in screening.

Effect on information-seeking behaviour

Table 4. Effect on the perceived risk of developing CRC in Study 2 (N = 770).
Every year 
(N = 270)

Every day 
(N = 237)

Every hour 
(N = 263)

Overall 
(N = 770)

Median (95% CI) Median (95% CI Median (95% CI) Median (95% CI) p-value*

Own risk 45.5 (39.14–51.86) 49.0 (45.14–52.86) 47.0 (40.64–53.36) 47.0 (44.38–49.62) 0.992
Risk for an 

average 
person

50.0 (48.31–51.69) 50.0 (48.45–51.55) 50.0 (48.34–51.66) 50.0 (48.84–51.16) 0.944

p-value refers to Kruskal–Wallis test
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The logistic regression in Table 7 and the distribution of the answers in Figure 2 show 
that study participants were more likely to read information about CRC prevention if 
they had been randomised to the every day condition compared with the ever year or 
every hour condition (57.4% vs. 45.9% and 45.6% respectively). The every day condition 
significantly increased active interest compared with the every year condition (57.4% vs. 
45.9%; aOR 1.54; 95% CI: 1.07–2.21, p = 0.020). There was, however, no statistically 
significant difference between the every year and every hour condition (45.6% vs. 45.9%; 
aOR 0.69; 95% CI: 0.69–1.39, p = 0.883).

A Chi-square test revealed that as the every day condition increased interest in reading 
about prevention, individuals in that condition were less likely to get all three compre
hension questions right (χ2 (4) = 9.56, p = 0.048). While around 80% of the participants 
in the every year and every hour conditions answered all questions correctly, this number 
decreased to 70% in the every day condition.

Discussion

This is the first study that tested the temporal framing of CRC risks and that extended the 
temporal frames beyond the typical every year and every day to every hour. While we 
could not replicate previous findings that narrower time frames increase perceived risk 
(Chandran & Menon, 2004; Lo et al., 2012; Kees, 2010; Kim & Kim, 2018; White, Johnson 
& Kwan, 2014), we found that individuals are more likely to read information about 

Table 5. Perception of the temporal frames in Study 2 (N = 770).
Every year 

(N = 270)
Every day 

(N = 237)
Every hour 

(N = 263)
Overall 

(N = 770)

Median (SD) Median (SD) Median (SD) Median (SD) p-value*

Worry about CRC [1;7] 4 (1.79) 4 (1.71) 4 (1.74) 4 (1.75) 0.492
Easy to imagine [1;7] 4 (1.89) 4 (1.75) 4 (1.93) 4 (1.87) 0.163
Interesting info [1;7] 5 (1.71) 5 (1.62) 5 (1.69) 5 (1.68) 0.374

*p-value refers to Kruskal Wallis test

Table 6. Intentions according to experimental conditions in Study 2 (N = 770).
Every year 

(N = 270)
Every day 

(N = 237)
Every hour 

(N = 263)
Overall 

(N = 770)
p-value*

Risk calculation
Definitely not 6 (2.2%) 10 (4.2%) 13 (4.9%) 29 (3.8%) 0.358
Probably not 60 (22.2%) 42 (17.8%) 56 (21.3%) 158 (20.5%)
Yes, probably 118 (43.7%) 106 (44.7%) 124 (47.2%) 348 (45.2%)
Yes, definitely 86 (31.9%) 79 (33.3%) 70 (26.6%) 235 (30.5%)

Genetic risk testing
Definitely not 13 (4.8%) 7 (2.9%) 12 (4.5%) 32 (4.2%) 0.656
Probably not 65 (24.1%) 45 (19.02%) 62 (23.6%) 172 (22.3%)
Yes, probably 114 (42.2%) 114 (18.1%) 113 (43.0%) 341 (44.3%)
Yes, definitely 78 (28.9%) 71 (30.0%) 76 (28.9%) 225 (29.2%)

Interesting info
Definitely not 14 (5.2%) 10 (4.2%) 13 (4.9%) 37 (4.8%) 0.988
Probably not 60 (22.2%) 58 (24.5%) 62 (23.6%) 180 (23.4%)
Yes, probably 123 (45.6%) 102 (43.0%) 119 (45.3%) 344 (44.7%)
Yes, definitely 73 (27.0%) 67 (28.3%) 69 (26.2%) 209 (27.1%)

*p-value refers to Chi-Square test of independence
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mitigating the risk, if it is presented as occurring every day instead of every year or hour. 
While the significant effect of every day frame suggests that there may be an optimal 
temporal frame, future research is needed to test the frames in other contexts. 
Furthermore, the negative effect of the every day frame on information engagement 
requires further thought. Temporal framing belongs to nudge-type interventions. 
Nudges have shown to be effective in motivating individuals in engaging with health 
behaviours. There are concerns that nudge-type interventions subvert conscious delib
eration and ‘lure’ people into making uninformed or misinformed choices (Ploug et al., 
2012; Banks et al., 1995, Sugden, 2017).

Table 7. Logistic regression models on active interest in reading information about CRC 
prevention in Study 2 (N = 770).

Unadjusted model Adjusted model

Variable Odds ratio 95% CI Odds ratio 95% CI

Condition
Every fear Ref. Ref.
Every day 1.585 1.116–2.253* 1.540 1.071–2.214*
Every hour 0.988 0.703–1.389 0.974 0.685–1.385
N 770 770
R2 0.082

Adjusted for numeracy skills, age, gender, education, employment, marital status, ethnicity, eating healthy, 
exercising, smoking, CRC family history and knowing somebody with CRC. The full model is reported in 
Supplementary Table S3 in the supplementary file. * p < 0.05; ** p < 0.01.

Figure 2. Effect of temporal framing on interest in reading further information about bowel cancer 
prevention in Study 2.
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In line with previous studies, we found in both experiments, which a large share of 
study participants tended to chose the 50% probability as answer to the questions about 
their perceived risk (Fischhoff & Bruine De Bruin, 1999). This may be caused by the high 
innumeracy of the study sample and the questions using absolute numerical risk scales 
(Gigerenzer, 2003; Woloshin et al., 1999). Around 50% of the study sample in the two 
experiments got the numeracy question wrong. This high rate may suggest that indivi
duals may have had problems expressing their risk in a precise mathematical form and 
that numerical risk measures are problematic (Gigerenzer, 2003; Woloshin et al., 1999). 
Additionally, in line with previous studies, we found evidence of comparative optimism 
in Study 2, in that individuals perceived their own risk as lower than those of others in the 
every year condition (Weinstein, 1980).

A major advantage of our study to previous research on temporal framing is that it 
included a behavioural outcome measure. Previous studies have focused on investigating 
the effect on perceived risk and intentions to mitigate the risk. The literature on the 
intention-behaviour gap suggests that although individuals may develop an intention but 
might not necessarily realize them (Sheeran, 2002). This may have also been the case in 
the present study as around 80% participants stated that they would probably or 
definitely do the test, while in reality only around 43% attend Bowel Scope Screening 
in the UK (McGregor et al., 2016).

This study has some important limitations, which call for follow-up research. First, 
our study focuses on CRC risk only, the results can therefore not be generalised to other 
health issues. Second, our study does not explain why the daily frame was more effective 
in engaging individuals in reading about CRC prevention, as it did not affect how 
individuals perceived the communicated risk information. Third, while our experiments 
contained study participants aged 45–54 years, who are soon eligible for CRC screening, 
they were recruited from a panel of a commercial survey vendor. Typically, online panels 
are not representative of the overall population in terms of ethnic composition and 
educational background. As the survey was self-reported and self-selected, this could 
have introduced bias from participants with a greater interest in the nature of this 
research. Thus, future experiments are needed to test whether these findings also hold 
for the wider population. Additionally, Study 1 featured a relatively small statistical 
sample, which may have limited the power of the study and increased the margin of 
error. Finally, while the study included a behavioural outcome measure in form of 
reading about ways to prevent CRC. Other outcome measures may be better suited.

In conclusion, the present study suggests that communicating CRC incidence as either 
daily, hourly or yearly frame has little effect on perceptions of CRC risk or intentions to 
engage in preventative behaviours. However, presenting CRC incidence in daily frame had 
an effect on the active interest in reading about preventative behaviour, a feature which 
needs to be carefully considered in health communication. Such investigations could 
broaden the knowledge of health service providers and help them optimise health messages.
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