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Abstract: Ensuring long-term access to nutrients needed for food production is a growing global
challenge. Human urine diversion and recycling is a viable and energy-efficient means of recovering
nitrogen, phosphorus, and potassium from wastewater. Before implementation, however, it is critical
to understand how communicating differently about human urine-derived fertilizer may influence its
public acceptance. This study tests how different strategies of communication (video compared to
texts), as well as different amounts of information, impact public acceptance. We also explored how
specific characteristics, such as age and education level, may impact the usefulness of the different
strategies of communication. The results indicate that short and long videos are the most useful
risk communication strategies, and age fully moderates this relationship. This research may serve
as a jumping off point for future studies focused on how risk communication strategies may affect
consumer acceptance of other emerging food technologies.
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1. Introduction

One of the most pressing natural resource challenges facing the world today is ensuring long-term
access to nitrogen and phosphorus [1]. These nutrients are vital ingredients in fertilizers that have
become essential in global agricultural systems [2,3]. Access to nitrogen and phosphorus is a growing
concern, in part due to phosphate rock being a non-renewable resource [4] and in part because
humans’ use of nitrogen and phosphorus is inefficient [5]. Due to the severity and timeliness of
these challenges, engineered solutions for recovering and recycling nitrogen and phosphorus from
wastewater are emerging.

One of these solutions, human urine diversion and recycling, is a viable and energy-efficient
means of recovering nitrogen and phosphorus (and potassium) from wastewater; the added benefit
of this approach is that it yields nutrients for manufacturing agricultural fertilizers that mirror
conventional options [6]. Diverting and recycling human urine to use as an agricultural fertilizer
increases the sustainability of food production [7,8] while also protecting waterways from nutrients
and micropollutants which can be more easily removed from the concentrated urine than after it is
diluted into wastewater. These human urine-derived fertilizers (HUDF) can be tailored to match the
soil types and agronomy practices of sizable swatches of the world [9].

The technology required for diverting, recycling, and transforming human urine into fertilizer has
been developed and is currently being implemented in a series of small-scale pilot initiatives [10–14].
However, the deployment of infrastructure for urine diversion and HUDF production at scale will
require retrofitting or replacing both public and building-size wastewater systems. While technically
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feasible, retrofitting and rebuilding these systems are unlikely without broad public acceptance of
HUDF use.

A relatively small number of studies on public acceptance of HUDF point to relatively high levels
of receptivity to HUDF among users of the fertilizers themselves (e.g., farmers and other growers) and
among users of the infrastructure required to collect human urine (e.g., people willing to use modified
toilets). The majority of these studies have relied on qualitative methods, have been based on small
samples of consumers and users, and have focused on HUDF deployment in Europe and Asia [15–18].

However, a recent survey conducted in the United States with a large, representative sample
of American consumers [19] supports the assertion that public receptivity to HUDF may indeed be
high. This research highlighted broad consumer openness to HUDF, especially when it was compared
with other common fertilizers. However, in this study, consumer support for HUDF did vary by
end use; specifically, receptivity to HUDF was highest for crops that are not intended for human
consumption [19]. These findings suggest obstacles to the more widespread deployment of nutrient
recapture and recycling via human urine diversion. Specifically, as consumers hear more—but do not
necessarily learn more—about the technology, they may sour on the acceptability of HUDF for use on
crops for human (and perhaps even non-human) consumption.

This phenomenon is not new in the domain of emerging technologies. Rapid and precipitous
declines in public acceptability ratings have been observed for a wide range of emerging technologies.
These declines are usually accompanied by growing public awareness of these technologies alongside
social risk amplification [20,21]. Examples include nanotechnology [22], carbon capture and storage [23],
atmospheric geoengineering [24], wastewater recycling [25], nuclear power [26], and nuclear waste
disposal [27], among others. For each of these technologies, researchers and practitioners have argued
that better risk communication could have helped to avoid the controversies about them that ensued.

The overreaching goal of risk communication for emerging technologies is to facilitate an
understanding of their underlying processes, benefits, and risks (including how they are assessed and
may be managed) so that people can make more informed and defensible judgments and decisions
about them [28,29]. When done well, risk communication addresses cognitive gaps by correcting
misunderstandings [30]. Successful risk communication—in that it is informative and supports
judgment and decision-making—depends, however, on whether it addresses consumers’ information
needs by being both content-specific and also accessible.

In terms of content, risk communication should present relevant risks, benefits, and uncertainties
clearly [30]. The information must also be accurate and thorough, such that it increases understanding.
Most importantly, for risk communication to be effective, it must be responsive to the needs of the
user [28]. This is not to say effective risk communication messages are overloaded with technical details;
indeed, information-heavy risk communication does not necessarily lead to more informed participants
or better decision-making [29]. Rather, designers and practitioners of risk communication must be
attentive to essential gaps in understanding about risks, and must design content that both fills these gaps
and—importantly—reinforces existing knowledge [29,31,32]. At the same time, risk communication
that accounts for the established communication norms of its participants, alongside creative messaging,
is more likely to capture people’s attention, thereby increasing the likelihood that the information
conveyed is both understood and put to use [29]. In this decade, for example, risk communication
efforts that take advantage of social (e.g., Facebook, Twitter, YouTube, etc.) and digital (e.g., videos,
podcasts, etc.) media are seen by many as more accessible than printed materials [33,34].

When designing risk communications, it is equally important to note that people from different
generations and life stages, as well as those with different educational levels, typically do not process
information in the same way. Thus, risk communication efforts around a single topic may require
different risk messaging approaches such that they are carefully tailored to the needs of different
groups. For example, young children and elderly adults are uniquely sensitive to the quantity of
information provided, and may benefit from more straightforward and succinct materials [35].
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In addition, how information is disseminated may affect the degree to which information in risk
communication is internalized. For example, in medicine, patients who watch videos (vs. reading text)
about treatment options have been shown to be more aware of both the risks and benefits associated
with them [36]. Similarly, videos—in contrast to printed materials—have increased individual’s
understanding of the risks from climate change [37]. Other work also shows that risk messages that
include either videos or photos influence risk perceptions more strongly than risk messages that rely
on text alone [38]. Thus, different risk communication strategies (e.g., presenting information via video,
text, or in-person) as well as individual’s demographic factors may have moderating effects on the
usefulness (e.g., by improving recipients’ understanding of the risks, or leading to acceptance) of risk
communication about HUDF.

In addition to the risk communication strategy employed, and the end use of HUDF, receptivity to
it by consumers and other stakeholders may also depend upon a host of psychological considerations.
For example, we know from prior research that people have a tendency to prefer natural options
(e.g., when considering consumer products, or when evaluating such things as manufacturing
processes and disturbances) over artificial or anthropogenic ones [39,40]. This preference can be traced
to humans’ inherent attachment to nature. This partiality can be so strong, in fact, that it creates a bias
wherein people may opt for what is framed as “natural” over otherwise identical artificial engineered
options [39].

We also know that intuitive, fast-acting emotions play a role in our perceptions, judgements,
and ultimately our decisions [41,42]. One of these emotions, disgust, is especially relevant to research
on food and food-related products. Disgust has an instinctive and rapid response linked to evolutionary
origins. It historically served as a mechanism to keep animals from ingesting harmful items [43].
We know from both research [43,44] and personal experience that human waste is typically disgust
inducing. However, it remains to be seen if nutrients extracted, and fertilizers manufactured from
human urine would be viewed as disgust inducing and if this, in turn, would negatively affect both
risk communication efforts and consumers’ receptivity to HUDF.

Finally, values serve as guides for judgments and decisions about emerging technologies such
as nuclear power [45], nanotechnology [22], and solar radiation management [24]. Specifically,
different value orientations (e.g., altruism, biospherism, and egoism) have been shown to lead to
different degrees of receptivity to pro-environmental behavior and technologies [46]. For example,
those who ascribe strongly with altruistic (i.e., a high level of concern for others) and biospheric
(i.e., a high level of concern for the natural environment) values compared to those with egoistic
(i.e., a high level of concern for one’s personal well-being) value orientations tend to exhibit more
pro-environmental behaviors and tend to be more accepting of technologies and policies with high
environmental benefits [23].

With this as the backdrop, the objective of this research was to study the influence of alternative
risk communication approaches on peoples’ ratings of the usefulness of the information contained in
them, and on their acceptance of HUDF for use in food production. Specifically, this study focused
on how watching a risk communication video vs. reading a text-based presentation containing the
same information may influence consumers’ acceptance of HUDF. We were also interested in the
effect of the length of these videos and texts and how it would influence consumers’ acceptance of
HUDF. In addition, we studied the potential moderating effects of age, education, and how individual
characteristics, such as food disgust sensitivity and value orientations, impact the usefulness of the
risk communication messages.

2. Materials and Methods

2.1. Participants

Participants were residents of the United States over the age of 18 recruited from a
quasi-representative internet panel sourced by Qualtrics. Data collection took place in 2019.
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Quota sampling was applied to balance gender, age, and to randomly assign participants into
one of five conditions (see Section 2.2 below). After consenting to participate, 4103 participants
responded to the instrument. A total of 753 participants were removed by Qualtrics because they did
not complete the study (n = 743) or because they began the survey after quotas were achieved (n = 10).
An additional 873 participants were removed because they failed a series of instructed choice attention
checks (n = 400); because they spent less than half the median time (00:04:01) on the instrument
(n = 264); or because they selected the same response on all items of a 13-item scale and/or an 8-item
scale (n = 209). The final sample size was 2477, which provided adequate statistical power [47].

Across the five risk communication strategies, 50% of respondents were women; the mean
age of participants was 40–48 years and the median education level corresponded with self-reports
of “associate degree” (Table 1). These demographic characteristics are emblematic of an “average”
American [48].

Table 1. Sample characteristics. Individual education levels were combined and categorized as low
(no high school + some high school + graduated high school/GED), medium (some college + associate
degree), or high (bachelor’s degree + graduate/professional degree).

n Women Age
(18–29)

Age
(30–39)

Age
(40–48)

Age
(49–59)

Age
(60+)

Low
Education

Medium
Education

High
Education

Control 510 52% 18% 18% 20% 22% 22% 18% 30% 52%
Short video 503 50% 18% 19% 20% 20% 23% 18% 28% 54%
Short text 515 49% 18% 19% 20% 21% 21% 20% 33% 47%

Long video 506 50% 17% 20% 21% 21% 22% 17% 33% 50%
Long text 443 49% 20% 19% 19% 20% 21% 20% 32% 50%

Total 2477 50% 18% 19% 20% 21% 21% 19% 31% 51%

2.2. Design

To address our research objectives, participants first provided their informed consent and then
were randomly assigned to one of five different risk communication treatment groups: (1) a control
comprised of a brief, two-sentence description of agricultural fertilizers and HUDF; (2) a 6.5 min
animated video; (3) a short version (3.7 min) of the video used in treatment 2; (4) information in text
form based on the complete script for the long video used in treatment 2; (5) information in text form
based on the complete script for the short video used in treatment 3. The treatments vary in terms of
how detailed and in which format the information is given but they have been constructed to all contain
the same content. Each of the four risk communication strategies (apart from the control) provided
detailed information about why fertilizers are used in agriculture, technological advancements leading
to human urine diversion and nutrient recycling, HUDF production, HUDF as an alternative to
conventional fertilizers, and information about the benefits, risks, and uncertainties associated with
HUDF use. The information in the videos used in strategies 2 and 3 was conveyed by an animated
narrator (“Uri”) who was portrayed as anthropomorphized drop of human urine.

The choice to use an animated video featuring Uri as the narrator was made before this research was
designed and conducted. Though the video was designed with best practices in risk communication
in mind, it was produced to inform external stakeholders and partners about the broader National
Science Foundation-funded initiative (under the Innovations at the Nexus of Food, Energy and Water
Systems program) to study nutrient recycling and HUDF. It was later, when the first author joined the
project, that we decided to use the video as the basis for a broader study on risk communication and
consumer acceptance of HUDF. The videos and related texts were developed by Linda Macpherson
and reviewed for content and accuracy by a group of geoscientists, ecologists, and agronomists
from a multidisciplinary study team associated with other elements of this HUDF research initiative.
This study was approved by the Health Sciences and Behavioral Sciences Institutional Review Board
(protocol number HUM00156157) at the University of Michigan.
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At the start of the instrument, the risk communication treatments were immediately followed by
an attention check to determine whether respondents could correctly identify the fertilizer type they
just learned about. The same survey instrument was then shown to each participant, regardless of
their treatment group. Each strategy (including links to the videos) and the survey questions can be
found in the Supplemental Materials.

To study the effects of the risk communication treatments on participants’ acceptance of HUDF,
we posed questions for four distinct end-uses. Specifically, we asked for participant’s level of agreement
with the statement “It is acceptable to use urine-derived fertilizer to grow [non-edible plants like
flowers]”; the remaining three questions asked about “fruits and vegetables that will be eaten by only
animals”; “plants, trees, and grasses that grow around my home”; “fruits and vegetables for people to
eat”. Responses for all four questions were collected for each fertilizer type on 7-point Likert scales
from “strongly disagree” to “strongly agree” (midpoint = “neither disagree nor agree”). The three
statements about HUDF use on agricultural products that are not intended for human consumption
were combined to create an index (Cronbach’s α = 0.85).

Next, we posed a series of questions focused on how useful participants found the different
risk communication formats to be. Specifically, participants were asked to respond to the following
statements on 7-point Likert scales ranging from “Not at all” to “Extremely” (the midpoint was not
labeled): (1) “I found the information about urine-derived fertilizer to be interesting”; (2) “I found
the information about urine-derived fertilizer to be informative”; (3) “I found the information about
urine-derived fertilizer to be frustrating”; (4) “I found the information about urine-derived fertilizer to
be worrisome.” Responses to questions 3 and 4 were reverse coded; all responses were combined to
create an index of “usefulness” (Cronbach’s α = 0.77).

The effect of the risk communication treatments on perceived risks and benefits of HUDF was
measured using four questions; two questions concerned risks and benefits to environmental health,
and two questions concerned human health. Responses for all four questions were collected on 7-point
Likert scales from “strongly disagree” to “strongly agree” (midpoint = “neither disagree nor agree”).
For perceived risk, we asked for participant’s level of agreement with two statements, which were
combined to create a scale (Cronbach’s α = 0.87): (1) “Urine-derived fertilizer will be harmful to my
health and the heath of my family” and (2) “Urine-derived fertilizer will be harmful to the environment.”
Similarly, for perceived benefits, we also asked for participant’s level of agreement with two statements,
which were combined to create a scale (Cronbach’s α = 0.88): (1) “Using urine-derived fertilizer will
result in foods that are healthier for people” and (2) “Using urine-derived fertilizer will be healthy for
the environment overall.”

With respect to individual characteristics that might moderate the effectiveness of different risk
communication strategies, we focused on two main psychological covariates, apart from demographics.
First, we assessed participants’ level of food disgust sensitivity using the 8-item Food Disgust Scale
(Cronbach’s α = 0.76) developed and validated by Ammann and colleagues [49]. We did so because the
idea of fertilizers derived from human urine may prompt food-related disgust, and we wanted to test
the effect of these feelings on different risk communication strategies. Responses to these 8-items were
collected on 6-point Likert scales ranging from 1 = “Not disgusting at all” to 6 = “Extremely disgusting”;
the midpoint was not labeled. The final scale measured participants’ value orientations, specifically as
they related to the environment and sustainability. Here, participants responded to questions used for
the biospherism subscale (four items that focused on one’s consideration of environmental well-being;
Cronbach’s α = 0.91) of the value orientations battery developed by de Groot and Steg [50]. Lastly,
we asked for demographic information from participants, including age, education level, and gender.

2.3. Analysis

We conducted analyses of variance with Tukey’s post-hoc comparisons to detect differences between
the control group and other communication strategies across the main study variables: usefulness of
the communication strategy, perceptions of risk and benefit, and ratings of acceptability. To account
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for the prospect of Type II errors due to multiple comparisons, we applied a Bonferroni correction;
thus, the p-value required for significance in the ANOVAs and post-hoc assessments was set at 0.01.
In addition, we conducted moderation analyses through hierarchical linear regression to assess how
age and education impacted perceptions of usefulness differently if participants read text or watched
videos. Moderation analyses for food disgust sensitivity and biospherism were likewise conducted
and can be found in the Supplementary Information section.

We also performed a hierarchical linear regression to assess how the different risk communication
strategies alongside demographic factors (age, gender, and education), value orientations, food disgust
sensitivity, and perceptions of HUDF’s risks, benefits, and naturalness explained ratings of acceptance
of HUDF. This regression only explored acceptance of HUDF use on products intended for
human consumption. The first step included the risk communication treatments and demographic
characteristics, the second included value orientations and food disgust sensitivity, and the third added
the risk, benefit and naturalness perceptions.

3. Results

3.1. Comparisons of Communication Strategies

When assessing the usefulness of the different risk communications about HUDF, an ANOVA
detected a main effect of risk communication strategy (F (52,989) = 30.06, p < 0.0001); see Table 2.
All communication strategies were perceived to be at least positively useful (all means being above the
midpoint, zero). However, post-hoc testing exposed significant differences between the control and all
other communication strategies; the control had the least useful information. There were also statistical
differences between all other strategies except between the short video and long video and the short
text and long text. The short video was, on average, perceived to provide more useful information
compared to both the short and long texts.

Table 2. ANOVAs and Tukey’s post-hoc tests comparing communication strategies: short text (ST),
long text (LT), short video (SV), long video (LV), and the control (C). The Bonferroni corrected p-value
required for significance was set at 0.01.

C ST LT SV LV
F p

¯
X SE ¯

X SE ¯
X SE ¯

X SE ¯
X SE

Usefulness 4.94 1,2,3,4 0.06 5.35 6,7 0.05 5.36 8,9 0.06 5.67 0.05 5.61 0.05 30.06 <0.0001
Perceived Risk 3.48 2,3,4 0.07 3.13 0.07 3.03 8 0.07 2.84 0.07 2.90 0.07 22.46 <0.0001

Perceived Benefit 4.24 1,2,3,4 0.06 4.73 6,7 0.06 4.87 0.07 5.11 0.06 5.05 0.06 37.15 <0.0001
Acceptability

Non-Edible Use 4.85 1,2,3,4 0.06 5.19 0.06 5.22 0.06 5.46 0.06 5.41 0.05 16.90 <0.0001
Human

Consumption 3.97 1,2,3,4 0.08 4.39 6,7 0.08 4.62 0.08 4.96 0.07 4.91 0.07 25.83 <0.0001

1 C , ST, 2 C , LT, 3 C , SV, 4 C , LV, 5 ST,LT, 6 ST , SV, 7 ST , LV, 8 LT , SV, 9 LT , LV.

An ANOVA (Table 2) also revealed a significant main effect of risk communication strategy on
risk perceptions (F (52,988) = 22.46, p < 0.0001). Post-hoc testing discovered significant differences
between the control and the short video, long video, and long text, wherein HUDF was perceived
riskier to participants who read the control. There were no statistical differences between the control
and short text, nor among the other strategies. An ANOVA (Table 2) also found a significant main effect
of risk communication strategy on benefit perceptions (F(52,988) = 37.15, p < 0.0001). Post-hoc testing
revealed statistical differences between the control and all other communication strategies; those in the
control group perceived HUDF, on average, to have lower environmental and human health benefits.
Both video groups also received statistically higher benefit ratings than the short text group.

Considering the acceptance of HUDF, an ANOVA detected statistically significant main effects of
both non-edible (F (52,988) = 16.90, p < 0.0001) and edible uses (F(52,989) = 25.83, p < 0.0001); see Table 2.
The use of HUDF on non-edible crops was preferred to the use of HUDF on crops intended for human
consumption across all communication strategies. Post-hoc testing showed that for both end-uses
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of HUDF, the control prompted the lowest ratings of acceptance when compared to the alternative
risk communication strategies. Reading the short text also yielded significantly prompted levels of
acceptance than watching either of the videos.

3.2. Moderating Variables: Strategy, Age, and Education Level

When assessing the usefulness of the risk communication strategies, the text strategies were
not distinct from each other, nor were the video strategies (Table 2). For this reason, both the
short and long texts were combined into a single “text” variable, and the short and long videos
were combined into a single “video” variable to understand differences between the two modes of
communication strategies. Age was divided into five categories: 18–29, 30–39, 40–48, 49–59, and 60+

(per Table 1). A hierarchical regression was conducted to determine how age and risk communication
strategy affected the usefulness of the information presented. The first step of the regression tested
the hypothesis that usefulness is a function of both age and strategy. These variables were both
statically significant (p < 0.05). Next, the interaction of strategy and age was included, which was
significant (p = 0.042). With the interaction term included, there was a full moderation effect; neither
communication strategy, nor age alone, was statistically significant. The interaction plot (Figure 1,
pane A) shows an increased effect of video on usefulness regardless of age group, but especially so for
older individuals (49 and above).
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Figure 1. Interaction plots of usefulness of risk communication by (a) age and strategy, and (b) education
level and strategy.

A second hierarchical linear regression was conducted to test the hypothesis that education and
risk communication strategy would affect usefulness. Education was categorized as low (no high school,
some high school, or graduated high school/GED), medium (some college or associate degree), or high
(bachelor’s degree or graduate/professional degree) per Table 1. The first step of the regression tested
whether strategy and education were predictors of usefulness (pstrategy < 0.000; ploweducation = 0.000;
pmediumeducation = 0.001; phigheducation = 0.002). The second step involved an interaction between
strategy and education level. There was no moderation effect; the relationships between strategy and
medium education (p = 0.848) or high education (p = 0.873) were not statistically distinct from the
reference group (low education, p < 0.000). Once the interaction term was included, education levels
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remained significant (pmedium = 0.010 and phigh = 0.042). The interaction plot (Figure 1, pane b)
indicates that video was generally preferred across all education levels, and those with low education
found both communication strategies to be the least useful.

3.3. Predictors of HUDF Acceptance

The hierarchical linear regression assessing consumer acceptance of HUDF for use on products
intended for human consumption (Table 3) was divided into three steps. The first step consisted of only
demographic factors (age, gender, and education), as well as dummy variables for the other strategies
(with the control group being the baseline). Gender was statistically significant with a small effect size
(η2 = 0.02) in that men were, on average, more accepting of HUDF use than women. Note, a third
category of gender was included in the survey instrument (non-binary, third gender). This category
was not statistically distinct and had a small enough sample size that it was excluded from the analysis
(n = 39). Education was also positively correlated and statistically significant with a small effect size (η2

= 0.003). In this step, all four strategies were statistically distinct from the control group and had higher
levels of acceptance. The second step included intuitive and ideological factors involved in people’s
understanding acceptance, namely, peoples’ values and their sensitivity to disgusting food items.
Gender continued to be significant with a small effect size (η2 = 0.001). Egoism and biospherism both
had significant positive relationships with acceptance with small effect sizes (η2 = 0.004 and η2 = 0.02,
accordingly). Food disgust sensitivity was also a significant predictor of acceptance (η2 = 0.03) with an
inverse relationship. Specifically, higher food disgust sensitivity led to lower levels of acceptance for
HUDF use on crops intended for human consumption.

Table 3. Hierarchical linear regression results describing predictors of consumer acceptance of
urine-derived fertilizers for human consumption.

Step 1 Step 2 Step 3

β 95% CI η2 β 95% CI η2 β 95% CI η2

Constant (Control) 3.88 *** 3.56; 4.20 3.31 *** 2.76; 3.86 1.34 *** 0.89; 1.78
Age 0.00 −0.00; 0.01 0.00 −0.00 −0.01; 0.00 0.00 0.01 ** 0.00; 0.01 0.00

Gender (0 = man) −0.49
***

−0.63;
−0.36 0.02 −0.54

***
−0.67;
−0.40 0.03 −0.24

*** −0.34; −0.15 0.01

Education 0.07 ** −0.02; 0.11 0.00 0.04 −0.01; 0.08 0.00 0.00 −0.03; 0.03 0.00
Altruism 0.09 −0.02; 0.20 0.00 −0.03 −0.10; 0.05 0.00
Egoism 0.13 *** 0.05; 0.21 0.00 0.06 * 0.01; 0.12 0.00

Biospherism 0.37 *** 0.27; 0.46 0.02 0.05 −0.01; 0.12 0.00
Food Disgust

Sensitivity
−0.33

*** −0.41; 0.26 0.03 −0.10
*** −0.16; −0.05 0.01

Perceived Risk −0.21
*** −0.24; −0.17 0.05

Perceived Benefit 0.72 *** 0.68; 0.77 0.29
Perceived Naturalness 0.08 *** 0.05; 0.12 0.01

Long Video 0.93 *** 0.72; 1.14 0.03 0.90 *** 0.70; 1.10 0.03 0.18 * 0.04; 0.32 0.00
Short Video 0.98 *** 0.77; 1.19 0.03 0.95 *** 0.75; 1.16 0.04 0.17 * 0.03; 0.31 0.00
Long Text 0.22 *** 0.14; 0.29 0.01 0.21 *** 0.14; 0.28 0.02 −0.03 −0.02; 0.08 0.00
Short Text 0.43 *** 0.22; 0.64 0.01 0.43 *** 0.23; 0.63 0.01 −0.02 −0.16; 0.12 0.00

R2 0.07 0.14 0.60
F 22.41 34.81 243.11

(df1, df 2) (8, 2459) (12, 2466) (15, 2448)

* p < 0.05, ** p < 0.01, *** p < 0.001.

The third step went beyond solely instinctive (i.e., affect-laden) factors to incorporate cognitive
components of acceptance, specifically perceptions of the risks, benefits, and naturalness of HUDF.
We considered these variables as being more cognitive in nature because each communication
strategy (except the control) had information regarding HUDF’s risks, benefits, and naturalness.
These three variables were all significant predictors of acceptance with varying effect sizes (η2

risk= 0.05;
η2

benefit = 0.29; η2
naturalness = 0.01). As expected, risk and benefit perceptions were inversely related to

each other, wherein benefit perceptions had a positive relationship with HUDF acceptance and risk
perceptions were negatively correlated. Gender and egoism remained significant in the third step both
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with a small effect size (η2 = 0.01 and η2 = 0.002, respectively). Additionally, age became statistically
significant and positively correlated with acceptance, albeit with a small effect size (η2 = 0.004). In this
last step of the regression, only the long video and the short video strategies were significantly distinct
from the control.

4. Discussion

4.1. The Usefulness of HUDF Risk Communication

We observed statistically significant differences between the control group and all other risk
communication strategies: short and long text, and short and long videos. Except for the mean risk
perception score following exposure to the short text, all strategies outperformed the control across all
of the variables we studied (Table 2). There were also some notable distinctions between the various risk
communication strategies, namely, that the videos—and, specifically, the short video—outperformed
both the short and long texts in participants’ ratings of usefulness, perceived benefit of HUDF,
and acceptance of HUDF use for use on plants and crops not intended for human consumption.

These findings build upon prior research; for example, other studies have shown that risk
communication videos can outperform text containing the same information when it comes to
improving people’s understanding of novel topics and technologies, mitigating their perceptions of
risk, and helping people to make better informed decisions [36,37,51]. In addition, videos have been
shown in other research to both increase the level of engagement between people and the material
being presented to them, as well as knowledge retention, when compared to people responding to the
same information in written form [52].

These results also align with other research which found that videos, compared to other
communication strategies, may be more effective to address consumer interests around how food is
produced [53]. This may be even more pertinent to a novel food or food-related product, such as
HUDF. Moreover, narrated videos, compared to texts, may improve consumer understanding, and help
consumers make informed choices around food [53]. Not only are videos more effective at increasing
knowledge, but participants also rated videos (compared to written materials) as more useful [54].
Videos may have led to a higher acceptability of HUDF than texts because of the multiple sensory
experience videos have. Hearing and seeing material in tandem may be more convincing than just
reading identical information. Other work suggests that videos may indeed be more helpful at building
consumer trust toward food production [53].

In addition to studying how risk communication strategies effect perceptions of usefulness, we also
sought to better understand how certain individual characteristics might also shape these perceptions.
We found that the interaction between age risk communication strategy (text vs. video) fully moderated
ratings of usefulness. In general, younger participants found both text and video strategies less
useful than older participants. However, ratings of the usefulness of the risk communication videos
were significantly higher than for text among older participants (Figure 1). These results confirmed
our hypothesis that older individuals would find videos to be more useful than their younger
counterparts, and they align with prior studies that suggest that age moderates the effects of usefulness
when considering different risk communication strategies [55]. Older adults also seem to prefer
succinct materials and they also especially find videos more helpful than text at explaining new
information [35,56]. This may be because episodic memory retention is easier for older adults than
other memory retention options, and it is easier to activate episodic memory through videos over
text [57].

We did not find ratings of usefulness for the different risk communication strategies to be
moderated by self-reported education level. We initially hypothesized that those with lower levels of
education may perceive video to be more useful than text. This is particularly because videos have been
shown to be easier to understand and increase information retention and knowledge, especially for
populations with lower levels of education or literacy [58,59]. However, much of the literature on this
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topic is related to informing medical patients in clinical practices. In that domain, general education
level may in fact be a main driver of usefulness of communication strategy. It may be the case that
asking about domain-specific knowledge, such as familiarity with fertilization practices and farming,
may have been a better indicator than general education levels.

4.2. Risk Communication and HUDF Acceptance

Our hierarchical regression results indicated that perceptions of both HUDF risk and, especially,
benefit, were the strongest predictors of HUDF acceptance; this finding is in line with prior
research [19,60]. However, there were other variables that also played an explanatory role in HUDF
acceptance. We hypothesized based on other research that biospherism and egoism would both be
related to acceptance [50,60], as the former is emblematic of concern for the environment and the latter
is emblematic of a deep care for personal well-being to which consumption is closely tied. In the third
step of the regression, egoism was the only statistically significant value orientation. In hindsight,
this relationship makes intuitive sense because consumers could continue to act their usual ways,
but the ingredients of their purchases would change. This technological change, that would not require
individuals to act differently, may be appealing to those with higher levels of egoism, as it aligns with
values of self-interest [24].

We also hypothesized that people exhibiting higher levels of food disgust sensitivity would
exhibit lower levels of HUDF acceptance, and that people who associated higher levels of perceived
naturalness with HUDF would be more accepting. Both of these hypotheses were supported, albeit with
small effect sizes (η2 = 0.01). Perceived naturalness was positively related to acceptance of HUDF,
which supports a trend found in a recent systematic review of this variable and food technology
acceptance [61]. Perceived naturalness can be understood through a product’s origin, production,
and final outcome [61]. It makes sense, then, that participants perceived HUDF as natural, since the
ingredients, final product, and, in some cases, the production process as well, are all accomplished
through “natural” means.

As a counterweight to perceived naturalness, we also included food disgust sensitivity as a
covariate in our model. Our results on disgust sensitivity were in line with other research, where this
variable regularly has an inverse relationship with food technology acceptance, and especially for
products that can easily be linked to waste (e.g., human urine-derived fertilizer, in the case of this
research) [19,43,49]. As we note in the introduction, while human urine may be natural, it may also
trigger feelings of disgust as it relates to waste. It seems that HUDF was indeed disgust inducing,
and this disgust negatively affected risk communication efforts and consumers’ receptivity to it.

Age was a positive and statistically significant predictor of acceptance in our research. Some studies
have shown that older individuals are more open-minded and accepting of new technologies [62],
though findings linking age to acceptance have been mixed [63]. These findings, combined with
the results of our moderation analyses, indicate that more work may be needed to address how
different age groups may respond to risk communication strategies about novel technologies and,
specifically, HUDF.

5. Conclusions

Human urine-derived fertilizer is not yet widely available for consumers or farmers to purchase.
As a result of this, the present study focused on the usefulness of the communication strategy and
general acceptance, rather than consumer behavior. However, if HUDF does come to the market,
future studies should explore how different communication strategies that include a perceived efficacy
message may change behavior over just perceived acceptance. Efficacy, in this context, refers to
people’s sense of being able to do something to either produce a positive outcome or prevent a negative
one [64,65]. As one becomes more familiar with a product, it is likely that one’s self-efficacy around it
increases [66]. Messages, therefore, that frame a product as something that people are more familiar
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with, that they have encountered before, and provide ways to use it effectively, may have a higher
likelihood of influencing both hypothetical acceptability and actual behavior change.

In the end, the results from this study may be of use to not only risk communication researchers,
but also practitioners interested in developing educational materials for the general public on waste
related technology and, specifically, HUDF. These results are promising, as they indicate general
open mindedness to HUDF, especially when the information is communicated in a succinct and
video-based format.

Moreover, our results illuminated the fact that the short and long videos were the most useful
risk communication strategies, and that HUDF was most accepted by individuals who watched either
video over those individuals who read either text. As there were no significant distinctions between
the short and long videos, practitioners interested in using videos for communicating risks may be
better served by focusing their resources and attention on shorter options.

Finally, as there are parallels between HUDF and other novel food technologies (e.g., cultured meat,
insect protein, and food nanotechnology), this research may serve as a jumping off point for future
studies focused on how risk communication strategies may affect consumer acceptance of them.
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