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Abstract

Myths about diet and nutrition are widespread and may seriously impact health and well-
being. This study tests whether texts in a truth sandwich format, i.e. texts presenting two blocks
of factual, correcting information around a text block listing a myth and identifying it as false,
are effective in reducing agreement with a range of nutrition myths. Out of thirteen nutrition
myths that were presented to 58 participants in a prestudy, the six most prevalent myths were
selected for the main study. In the preregistered main study, 302 participants were randomly
assigned to either reading one of three texts in the truth sandwich format addressing a nutrition
myth, or to reading a text about healthy eating (control condition) before rating their agreement
with a total of six nutrition myths. Participants agreed less to the specific myth targeted by the
truth sandwich text, while controls were not differentiating between them. Thus, truth
sandwiches are effective in reducing agreement with myths and can be harnessed to promote

evidence-based dietary practices to promote health in the population.
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Debunking nutrition myths with truth sandwiches: Results of an experimental online study

Nutrition knowledge is an important prerequisite of adhering to a healthy diet in daily life
and so contributes to promoting health and well-being (de Ridder et al., 2017; Sproesser et al.,
2022; Spronk et al., 2014). Yet, nutrition myths, i.e. claims about nutrition that lack or are not in
line with scientific evidence, are widespread, which may hamper efforts of health care
professionals to promote evidence-based dietary practices (Lesser et al., 2015). Nutrition myths
are often spread by public media; this has been amplified by the popularity of social media,
which allows an increasing number of lay people to engage in nutrition communication. Social
media personalities increasingly influence people’s diet (Truman, 2022); if they promote myths
rather than facts this may have far-reaching negative consequences (Sina et al., 2022).
Accordingly, an increasing number of scientists and health care professionals are engaging in
science communication online in the hopes of refuting misinformation and to fulfil their duty
towards society (Genschow et al., 2022; Jarreau, 2018).

Previous research indicates that communicators need to carefully draft their message to
avoid strengthening — instead of reducing — belief in misinformation (Pluviano et al., 2019).
Being repeatedly exposed to corrections may increase processing fluency of the misinformation;
this is also referred to as the familiarity backfire effect (see Swire-Thompson et al. (2020) for a
summary). Since backfire effects may have serious consequences, two recent handbooks for
climate change and vaccination communication (Lewandowsky et al., 2020; Lewandowsky et al.,
2021) provide suggestions for writing compelling texts to refute misinformation. They
recommend a “truth sandwich” text format, in which two blocks of correcting information border
a middle block containing and refuting the misinformation (Sullivan, 2018). This format has

originally been proposed by linguists based on theoretical assumptions about human information



processing (see Kenix and Manickam (2020) for a summary). It is hypothesised that by
presenting corrective information first and last, backfire effects are reduced and the belief in the
correct information strengthened (Swire-Thompson et al., 2020), since information presented
first and last is usually remembered best (“primacy” and “recency” effects, c.f. Jahnke (1965)).

However, empirical tests of the effectiveness of truth sandwiches to debunk
misinformation is sparse (Swire-Thompson et al., 2020). One notable exception is a study by
Anderson et al. (2019); this study supports the notion that presenting refuting evidence in a truth
sandwich format reduces support of the false claim compared to presenting the false claim
without refuting evidence. This study, however, used a relatively small sample and no
information about sample characteristics or targeted misinformation is available, which limits its
explanatory power.

Building up on theoretical considerations and first indications for the effectiveness of
truth sandwiches to debunk misinformation, this study adapts the format to the context of
nutrition myths. It specifically tests whether texts in a truth sandwich format are able to reduce
agreement with nutrition myths to potentially provide guidance to communicators as to how to
write compelling texts for refutation. The research includes several wide-spread myths about diet
and nutrition that were identified in a prestudy. Furthermore, the research adheres to open
science principles including preregistration, and sharing of materials and data to enhance
transparency and reproducibility.

Prestudy
This prestudy was conducted to identify nutrition myths with which people agree most

strongly to refute them in the main study.



Methods
Study materials (original and translated into English) and data are available on the Open
Science Framework (OSF;

https://osf.io/akn95/?view only=f1fa897edc6c4fhd8c00f9d529418647).

Sample

A convenience sample of n = 58 participants was recruited. Participants did not receive
any compensation for participation. Due to the exploratory nature of the study, no power
calculation was conducted to determine the sample size; instead, a sample of 50 was targeted to
allow for swift recruitment. Forty-two participants (72%) identified as women and 16 (28%)

identified as men. Their average age was 35.1 years (SD = 16.12).

Procedure

Due to the minimal risk associated with participation in this study, no formal ethical
approval was obtained. The study adhered to the Declaration of Helsinki.

The link to the online survey was distributed via social media channels (e.g., WhatsApp
groups). After providing informed consent, participants were asked to indicate their age and
gender. Afterwards, they were asked to rate their agreement with 13 statements on a five-point
Likert scale ranging from (1) I fully agree to (5) | do not agree at all. Responses were recoded so
that larger values indicate stronger agreement. The 13 statements were based on common
misconceptions about diet and nutrition that are often promoted on and discussed in online media

(see Table 1 for a full list of statements).
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Data analysis

Data was analysed descriptively in SPSS 26 by reporting means and standard deviations
for all 13 statements. In addition, an exploratory within-subjects ANOVA was conducted to test
whether agreement ratings differed from one another; due to the small sample size and large
number of paired comparisons no post-hoc tests were conducted. Finally, Pearson correlations
were conducted between all statements to inform the power calculation for the main study.
Results

A within-subjects ANOVA with all 13 statements revealed significant differences in
agreement, F(9.07, 517.15) = 14.31, p < .001, partial n? = 0.20, Greenhouse-Geisser correction €
= .76. The statement that participants agreed with the strongest was “Vitamin C protects against
colds”, while the statement that participants agreed least with was “Fruit juices are healthy thirst
quenchers”. Means and standard deviations of the agreement ratings for all statements are listed
in Table 1.

Pearson correlations between statements were small to medium (Cohen, 1992), ranging
fromr =-.12 to r = .45. All correlations are listed in Table 3 in the Supplementary Material.

Table 1. Agreement with the statements.

Statement M SD
*Vitamin C protects against colds. 3.67 0.89
**Dark chocolate induces less weight gain. 3.23 1.32
*Carbohydrates induce weight gain. 3.05 1.16
*Spinach contains a lot of iron. 3.00 1.39
**Coke and pretzel sticks help with gastrointestinal discomfort. 3.00 1.31
**Coffee dehydrates the body. 2.68 1.26
Detox products cleanse the body. 2.61 1.39
Eating eggs increases blood cholesterol levels. 2.51 1.15
Gluten is unhealthy. 2.42 1.12
Eating in the evening induces weight gain. 2.40 1.24
Lactose should be avoided. 2.30 1.03
Drinking schnapps after dinner stimulates digestion. 1.89 1.19

Fruit juices are healthy thirst quenchers. 1.63 0.92




Note. Statements marked with an asterisk were chosen for the texts in the main study.

Statements marked with two asterisks were included as control questions in the main study.

Main study
Methods
The study was preregistered on aspredicted.org

(https://aspredicted.org/blind.php?x=G7P_VJN). Study materials (original and translated into

English) and data are available on the OSF

https://osf.io/akn95/?view only=f1fa897edc6c4fhd8c00f9d529418647).

Sample

The study was powered to detect small effects (Cohen’s f=0.1) at o =.05 and 1-f=.8
with a correlation between repeated measures of r = .2. According to G*Power 3.1 (Faul et al.,
2009), a total sample of N = 256 or n = 64 participants per group was required.

In total, N = 302 participants (Nvitamin C = 84, Ncarbohydrates = 84, Nspinach = 64, Ncontrol = 70)
were recruited via various social media channels and the website SurveyCircle. Participants had
a mean age of 31.14 years (SD = 11.82); groups did not differ in mean age (F[3, 298] = 0.36, p
=.782). The majority of participants (69.5%) identified as women, 29.8% identified as men and
0.7% identified as another gender; there were no group differences regarding the distribution of

genders (y(df = 6) = 3.60, p = .731).

Design

This study used a 4 (condition) x 6 (statement) mixed design. Participants were randomly

assigned to one of four conditions which determined exposure to one of three truth sandwich
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texts (about vitamin C, carbohydrates, or spinach) or a control condition, which read a text on
healthy eating. The dependent variable, agreement with nutrition myths, was assessed within
participants: All participants rated their agreement with all six statements independent of the
condition that they were assigned to, so that all participants served as control conditions for both
participants in other conditions (by indicating their agreement with the statement on the topic
targeted by other conditions) and themselves (by indicating their agreement with statements that

were not targeted at all).

Procedure

The study procedure was approved by the University of Bayreuth ethics committee.
Participants provided informed consent before reporting demographic information (age, gender,
highest school leaving qualification, highest vocational qualification, academic major or
vocational training, net household income). They then indicated trust in science and research,
and interest in science and research, nutrition, and health, importance of the source when
obtaining information about nutrition and health, as well as frequency of using different channels
to obtain information about nutrition and health. They were then randomly assigned to reading
one of four short texts about vitamin C, carbohydrates, spinach (in a truth sandwich format) or
healthy eating (control condition). Finally, they indicated their agreement with six statements

about nutrition before being debriefed.

Materials

Four texts were prepared for the experimental manipulation. Texts on vitamin C,
carbohydrates, and spinach were prepared following suggestions by Lewandowsky et al. (2020)

regarding texts to debunk misinformation, also referred to as truth sandwiches (Anderson et al.,



2019; Kenix & Manickam, 2020). In brief, the texts consisted of three blocks of information. The
first block provided the fact, the second block pointed out the misinformation and the fallacy,
and the third block again provided the fact. A fourth text on healthy eating was adapted from the
website of the German Nutrition Society (www.dge.de); this text did not follow the truth

sandwich format.

Measures

Subjective health status. Participants rated their own health on a six-point Likert scale
from (1) very unhealthy to (6) very healthy.

Trust in science and research. Questions were adapted from a nationally representative
survey on trust in science (Wissenschaft im Dialog & Kantar Emnid, 2019) and modified to
capture trust in science and research in general, trust in science and research at universities and
public research institutions, and trust in science and research in healthcare. Participants indicated
trust on a five-point Likert scale from (1) I do not trust at all to (5) I trust fully.

Interest. Interest in science and research, nutrition, and health was assessed with one
item each that participants responded to on a five-point Likert scale from (1) very limited to (5)
very strong.

Paying attention to the source. Participants indicated how much attention they pay to
the source of information about health and nutrition on a five-point Likert scale from (1) not at
all to (5) very much.

Frequency of using information sources. Participants indicated how frequently they
used the following sources to obtain information about nutrition and health: the internet, TV,

radio, newspapers and magazines, discussions with friends and acquaintances, and other sources.
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Response options were (1) never, (2) once a month or less, (3) several times a month, (4) once
per week, (5) several times per week, (6) (almost) daily.

Agreement with statements. Six statements were adapted from the prestudy (see Table
1). Agreement with the statements was assessed on a five-point Likert scale ranging from (1) |
fully agree to (5) | do not agree at all. Responses were recoded so that larger values indicate

stronger agreement.

Data analysis

A 4 (condition) x 6 (statement) mixed ANOVA was used to test for differences in
agreement to the statement depending on the condition. A significant interaction was followed up
by separate between-subjects ANOVASs per statement to identify differences between conditions.
All analyses were conducted in SPSS 26.

Results

Sample description

In terms of education, the majority of participants had a university entrance qualification
(83.1%) and 60.3% had a university degree. The three academic majors that were most often
indicated were Psychology (13.91%), Business Administration (10.60%) and teacher training
programmes with various combinations of subjects (3.97%). The four most frequently listed
completed apprenticeships or vocational trainings were nurse (1.99%), industrial business
management assistant (1.99%), clerk (0.99%) and tax accountant assistant (0.99%). Half of the
sample indicated a monthly net household income of at least 2000 €.

Participants’ subjective health status was, on average, rather healthy to healthy (M = 4.60,

SD = 0.94). Furthermore, participants reported to rather trust in science and research in general
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(M =4.26, SD = 0.66), research and science at universities and public research institutions (M =
4.15, SD = 0.69), and in the healthcare sector (M = 3.99, SD = 0.80). They also reported to have
rather strong interest in topics related to science and research (M = 3.79, SD = 0.91), nutrition (M
=3.93, SD = 0.85), and health (M = 4.04, SD = 0.80).

When searching for information about health and nutrition, the majority of the sample
reported to pay some (39.7%) or very much (34.8%) attention to the source. The most frequently
used media to search for information about nutrition and health were the internet (median
response: once per week), followed by discussions with friends and acquaintances (median
response: several times per month), TV (median response: once a month or less), and newspapers
and magazines (median response: once a month or less). Radio was least frequently used
(median response: never). A small number of participants (9.93%) indicated to use other sources
at least once a month or less such as books (3.64% of the total sample), social media including

Facebook (1.32%) or podcasts (1.32%).

Do texts in the truth sandwich format reduce agreement with nutrition myths?

A 4 (condition) x 6 (statement) mixed ANOVA was conducted, yielding a significant
main effect of statement (F[4.77, 1421.40] = 4.94, p < .001, partial n? = 0.02, Greenhouse-
Geisser correction € = .95) and a significant interaction between statement and condition (F[15,
1490) = 8.40, p < .001, partial n>=0.08).

The significant interaction was followed up with between-subjects ANOVAS per
statement. Results are summarised in Table 2. In brief, participants that received a text in the
truth sandwich format targeting the respective myth indicated lower agreement with this
statement compared to participants who received a text in the truth sandwich format targeting

another statement or the control group that did not read a text in the truth sandwich format. No



differences between conditions were found for the three statements that were not targeted by a

text in the truth sandwich format.

Table 2. Results of between-subjects ANOVAS.

Statement F(3, p n?
298)

Condition
M (SD)

Vitamin Carbohydrates Spinach Control
C

Targeted in a text in a truth sandwich format

Additional 13.21 < 0.12
intake of .001
vitamin C

protects

against colds.

Carbohydrates  8.44 < 0.08
induce weight .001

gain.

Spinach 8.75 < 0.08
contains a lot .001

of iron.

2.06 3.01(1.06)> 295 3.00
(1.18)2 (1.21)° (1.18)°

257  196(1.07)° 278 277
(1.23) ? (1.22)2 (1.18)2

296  3.15(1.36)* 208  2.87
(1.36) @ (1.19)® (1.39)2

Not targeted in a text in a truth sandwich format

Coffee 0.85 466 0.01
dehydrates the

body.

Coke and 0.76 516 0.01
pretzel sticks

help with

gastrointestinal

discomfort.

Dark chocolate 2.39 .069 0.02
induces less

weight gain.

2.80 270 (1.30) 273 249
(1.26) (1.31)  (1.14)

271 271(118) 280  2.49
(1.26) (1.45)  (1.24)

3.03 264 (1.15) 305  3.03
(1.21) (1.17)  (1.29)

Note. Different subscripts indicate significant differences between groups (per row) as

indicated by Bonferroni-corrected post-hoc tests. No subscripts indicate that post-hoc tests did

not yield significant group differences.

Discussion

This research presents an experimental test of the truth sandwich text format to reduce

agreement with common nutrition myths. Indeed, after having read a text in the truth sandwich

12
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format refuting the myth, agreement with this myth was lower compared to agreement with
myths that were not targeted. Reading a text about healthy eating did not impact agreement with
nutrition myths. It can thus be concluded that truth sandwiches are effective in debunking
misinformation, as assumed in the literature (Lewandowsky et al., 2020; Lewandowsky et al.,
2021). This study provides empirical evidence for the suitability of truth sandwiches in science
communication and journalism when aiming to refute nutrition myths (Sullivan, 2018).

It is important to note that the present study compared truth sandwiches to not having
received any information about the myth, and a control condition reading a text providing
general information about healthy eating, which is in line with previous research indicating that
refuting statements need to be specific in order to be effective (Clayton et al., 2020). The
presented data does not allow to draw conclusions as to whether the truth sandwich format is
more effective than other text formats explicitly targeting and refuting a myth. Indeed, Anderson
et al. (2019) suggest that other text formats, such as bottom-loaded texts presenting the false
claim first and then two blocks of true information, may be at least as effective in refuting
misinformation as truth sandwiches. It can thus be assumed that addressing misinformation and
explaining why it is incorrect is important for the correction to be encoded; the exact order of
presentation may not be crucial (Ecker et al., 2022). However, since studies on comparing
different text structures are sparse, more research is needed to test this assumption.

This study provided an experimental test of the truth sandwich text format in nutrition
communication; the study was powered to detect small effects, the hypothesis tested in the main
study was pre-registered, and materials and data are openly available to promote transparency
and reproducibility. However, some important limitations need to be acknowledged. First, the

studied sample was young, well-educated, and interested in nutrition and health. This is a
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population that is frequently using social media and thus likely to be exposed to misinformation
online (Chou et al., 2009). Testing generalisability of the findings to other populations though is
crucial, since some populations, such as older adults, may be more susceptible to misinformation
than others (Ecker et al., 2022; van der Linden, 2022). Second, the study focused on debunking
nutrition myths; generalisability to other contexts such as health or environmental
communication remains to be tested. Third, due to the cross-sectional nature of the study, only
immediate effects on agreement could be tested; further research is needed to determine whether
the intervention has long-term impact, as suggested for instance in research on correcting
statements about politics (Carnahan et al., 2021), and whether it may also affect participants’
behaviour, for which previous research on debunking has produced mixed results (Ecker et al.,
2022).

To conclude, this research supports the notion that texts in the truth sandwich format are
suitable to refute misinformation. They can thus be harnessed to promote evidence-based dietary
practices to promote health in the population.
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Table 3. Correlations between agreements with the 13 nutrition myths presented in the prestudy.

gain.

Nutrition myth 2 3 4 5 6 7 8 9 10 11 12 13

1 | Carbohydrates induce weight gain. | 0.21 0.11 0.10 0.11 0.19 0.21 0.14 | 0.02 |0.38**| -0.12 | 0.16 0.18

2 | Vitamin C protects against colds. -0.04 | -0.08 | 022 | 0.07 | 022 | 0.26 | -0.09 | 0.20 | -0.12 | 0.13 0.11

3 | Drinking schnapps after dinner 013 | 013 | -009 | 0.18 | 0.00 | 013 | -0.10 | 0.24 | 0.28* | 0.15
stimulates digestion.

4 | Coffee dehydrates the body. 020 | -0.12 | -0.07 | 0.10 | 0.07 | -0.04 | 0.13 0.07 0.04

5 | Detox products cleanse the body. 0.08 | 0.20 | 0.22* | 0.09 0.04 0.07 | 0.41** | 0.45**

6 | Fruit juices are healthy thirst 0.29* | 0.30* | 0.01 | 0.28* | -0.05 | -0.07 | 0.32*
guenchers.

7 | Coke and pretzel sticks help with 0.23 | 0.22 | -0.03 | 0.09 0.15 | 0.29*
gastrointestinal discomfort.

8 | Gluten is unhealthy. 0.01 | 0.28* | -0.08 | 0.30* | 0.44**

9 | Spinach contains a lot of iron. -0.02 | 0.45** | 0.11 | -0.03

10 | Eating in the evening induces 0.04 | -0.10 | 0.09
weight gain.

11 | Eating eggs increases blood -0.01 | -0.11
cholesterol levels.

12 | Lactose should be avoided. 0.27*

13 | Dark chocolate induces less weight

Notes. * p <.05; ** p< .01
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