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Abstract: Provision of safe drinking water by water utilities is challenged by disturbances to water
quality that have become increasingly frequent due to global changes and anthropogenic impacts.
Many water utilities are turning to adaptable and flexible strategies to allow for resilient management
of drinking water supplies. The success of resilience-based management depends on, and is enabled
by, positive relationships with the public. To understand how relationships between managers
and communities spill over to in-home drinking water behavior, we examined the role of trust,
risk perceptions, salience of drinking water, and water quality evaluations in the choice of inhome drinking water sources for a population in Roanoke Virginia. Using survey data, our study
characterized patterns of in-home drinking water behavior and explored related perceptions to
determine if residents’ perceptions of their water and the municipal water utility could be intuited
from this behavior. We characterized drinking water behavior using a hierarchical cluster analysis
and highlighted the importance of studying a range of drinking water patterns. Through analyses of
variance, we found that people who drink more tap water have higher trust in their water managers,
evaluate water quality more favorably, have lower risk perceptions, and pay less attention to changes
in their tap water. Utility managers may gauge information about aspects of their relationships
with communities by examining drinking water behavior, which can be used to inform their future
interactions with the public, with the goal of increasing resilience and adaptability to external water
supply threats.
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1. Introduction
Challenges to the safety of public drinking water are increasing as external drivers,
including climate and land-use change, adversely impact the stability of drinking water
sources [1–3]. Increasingly frequent disturbances, such as algae blooms, hypoxic conditions, or rising metal concentrations, jeopardize water quality in the lakes and reservoirs
sourced for public drinking water, requiring drinking water managers to respond with new
technologies and strategies [4,5]. One strategy with the potential to help utilities respond
to changing environmental conditions is resilience-based management, a style that focuses
on adaption and flexibility amidst change [6–8].
Disturbances to raw water sources not only present challenges to treating those water
sources but can also threaten the social capital that resilient systems rely on. Concern about
the quality of lakes and reservoirs and household drinking water has risen in recent years
among Americans [9,10]. As these concerns rise, there is potential for them to spill over to
impact the relationship between communities and the water utility managers, who supply
their drinking water [11].
The ability of water utility managers to maintain resilient systems and quickly adapt to
water quality issues often depends on their relationship with the community they serve [12].
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Managers with high levels of community trust have the flexibility to adapt and respond
more quickly [12,13]. Trust can encourage citizen cooperation with managers through
support for management plans, increased speed and effectiveness of the enaction of those
plans, and reduced backlash to management shifts [14–17].
One behavioral indicator of community trust is the acceptance of tap water as a drinking source [18,19], although trust is not the only factor linked to water drinking behavior.
Risk perceptions and personal experience with water quality (i.e., taste, smell, and appearance) are also related to the decision to drink tap water, utilize additional filters to treat it,
or avoid it altogether e.g., [20,21]. For instance, residents in West Virginia who perceived
higher risk associated with their tap water were more likely to drink bottled water compared to tap water, but not home-filtered water compared to tap [22]. Additionally, changes
in taste, smell, and appearance of tap water are related to an individual’s decision to drink
from both bottled and home-filtered sources. Less favorable evaluations of tap water are
commonly linked to the decision to drink from alternative water source choices [18]. Taste,
in particular, has been linked to decisions to drink from bottled water sources as opposed
to tap [23,24].
In areas where issues with water quality are slight or infrequent, the strength of
associations and ease with which a person brings to mind water quality issues becomes
a relevant factor. This issue of salience is related to the degree to which an individual
may drink directly from the tap [25,26]. For instance, Grupper [27] found that residents’
trust in a water utility to deliver safe drinking water varies based on two indicators of
salience: (1) their familiarity with the water utility providing the water, and (2) the amount
of attention they pay to variations in their water quality. Finally, other factors, including
industry efforts to market sink and appliance filters as well as bottled water as “pure”
sources of water, also contribute to the preference of bottled water and home-filtered water
over tap water [28,29].
We focused this study on the roles of risk, trust, and salience in the choice of drinking
tap water. Our goal was to explore in-home drinking water behavior in a community in
southwest Virginia as a way to understand public trust in water utilities to provide safe
and clean drinking water.
1.1. Conceptual Framework
Our study’s conceptual framework integrates conceptualizations of risk from Saylor
(2011) [21] and Debbler et al. (2018) [30], the salience framework of Stewart (2009) [31], and
the concept of trust based on Mayer et al. (1995) [32] (Figure 1).

Figure 1. The water source, or sources, that individuals choose to drink from is a function of their
trust in the utility to deliver safe drinking water to them, salience of their home water quality,
risk judgments of water safety (alone and relative to bottled water), emotional concern, severity of
consequence should their water become unsafe, and quality judgments of their tap water.

1.1.1. Trust
The intention to drink tap water directly, as opposed to drinking from bottled or
personally filtered sources, has been tied to an individual’s trust in their utility to deliver
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safe drinking water to them. Trust is a psychological state when one actor, the trustor,
accepts vulnerability based on the expectation that another entity, the trustee, will perform
a certain action or behavior [32]. In a review of literature and surveys that examined
individuals’ decision to drink tap or bottled water, Doria (2006) found that when trust in
tap water providers or bottled water companies is eroded, they are less likely to drink
from those sources [18]. Saylor (2011) found that university students who trusted their
local water utility to deliver safe drinking water were more likely to drink from tap water
sources, while those who lacked trust in their government and university were more likely
to drink bottled water [21]. These results were supported in a survey of residents in West
Virginia that found residents’ decisions to drink from tap water sources were related to
higher levels of trust in the water utility [33].
1.1.2. Risk Perceptions
Alongside trust, risk perceptions have also been established as a driving factor in
the acceptance of tap water [17,18]. Risk is conceptualized as a function of the perceived
likelihood of an unwanted event occurring and the severity of consequence should that
unwanted event occur [34]. Risk perceptions are a frequent object of study in natural
resource management, where institutions are charged with protecting the public from
hazards such as poor water quality [35]. Saylor (2011) found that barriers to drinking
tap water include both low trust and perceived health risks associated with the tap [21].
Similarly, Hu et al.’s (2011) national survey found that people who have safety concerns
with their tap water are more likely to reject it as a drinking source [36]. This was also true
when household filtered water was included as a drinking choice [37]. Triplett et al. (2019)
found that the more residents believe their tap water is unsafe, contaminated, or likely
to cause sickness, the more they consume bottled water compared to tap and household
filtered water [37].
Risk has been conceptualized in drinking water studies most frequently as a cognitive indicator in surveys, asking how safe people believe their water is to drink [38,39].
Debbler et al. (2018) added to this by including a measure of affect-based risk [30]. While
cognitive risk measures assess probability beliefs, affect risk measures assess worry, concern, or other emotional components associated with the occurrence of unwanted events.
By examining both cognitive and affect measures, researchers can get a more complete
picture of risk perceptions. Additionally, Saylor (2011) found that when people’s perceived
risk of bottled water is lower than their perceived risk of tap, they are less likely to accept
tap water, introducing the concept of comparative risk to the water risk framework [21].
We conceptualize risk as a function of cognitive and affective perceptions of water safety
and impressions of severity should one’s drinking water be compromised. We included
comparative risk of bottled and tap water as an additional measure of overall risk.
1.1.3. Salience
Both risk and trust perceptions are moderated by salience, or the degree to which
drinking water topics are readily brought to mind or have strong associations for an
individual [25,26]. For instance, residents with low salience about drinking water quality
issues had a relatively high baseline trust in the water utility [27]. In that case, trust was
positively related to familiarity with one’s utility and negatively related to higher attention
to changes in water quality. Anadu and Harding (2000) also found that, in cases where a
water safety violation, such as coliform contamination or filtration issues, had occurred,
increased awareness of that problem over longer durations was related to increased risk
perceptions [40]. Because salience plays an important role in risk and trust evaluations, we
expected that it may also be a significant contextual factor for an individual’s behavior. For
this study, we adapted aspects of Stewart’s (2009) weather forecasting salience framework,
which includes indicators such as event noticeability, event frequency, and an individual’s
knowledge, to form our drinking water salience conceptualization [31].
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1.1.4. Tap Water Quality Evaluations
The taste, smell, and appearance of drinking water, referred to as organoleptic characteristics, are commonly cited factors for choosing filters or bottled water. Doria (2009) identified these organoleptic factors as the primary determinants of an individual’s judgment
of the quality of their tap water, showing a relationship between organoleptic factors and
individuals’ risk perceptions, trust, and decision to drink tap water [39]. Huerta-Saenz et al.
(2011) demonstrated that organoleptic ratings drive preferences for bottled water consumption over tap water [41]. Triplett et al. (2019) also found that organoleptic perceptions are
important in distinguishing between tap and household filtered water drinkers, even when
respondents have similar risk perceptions about the safety, contamination, and health
risks of unfiltered tap water [37]. Although organoleptic evaluations are clearly important
in impacting drinking water behaviors, it remains unclear whether or when they are a
reflection of objective preference, familiarity with a water source, or, in part, an artifact of
other traits and perceptions [18,41,42].
1.2. Hypotheses
Overall, the majority of the literature on drinking water choices focuses on the specific
public preference for bottled water over tap, or vice versa. Since bottled water has a
substantially higher carbon cost to produce and dispose of [43–45], and a higher economic
cost for consumers [46], it is natural that this dichotomy of tap or bottled water has been the
focus of previous studies. However, focusing on the dichotomy does not acknowledge the
complex patterns of use that characterize how people consume water in their homes. While
some studies have included home-filtered water [22,41], and some assessed the difference
between exclusive and preferred tap or bottled water use e.g., [47], water use is still often
determined by asking about primary water source choice, rather than assessing patterns in
use frequency.
To better understand this complexity and the patterns that characterize how people
consume water in their homes, we examined the frequency and patterns of use of four water
source choices in a population in Roanoke, Virginia, USA. We looked at the factors of risk,
salience, trust, and water quality evaluations to get a more comprehensive view of which
factors are related to patterns of water consumption in the home. We hypothesized that:
H1: Those with higher trust in their water utility to provide safe drinking water to them
will be more likely to drink tap water.
H2: Those with greater risk perceptions associated with their tap water will be less likely
to drink tap water.
H3: Salience is related to in-home drinking water patterns. Specifically:
H3a:
H3b:

Those who are more knowledgeable about their tap water quality will be more
likely to drink tap water.
Those who notice changes to water quality more frequently will be less likely
to drink from tap water sources.

H4: Those with more positive organoleptic water quality evaluations will be more likely
to drink from tap water sources.
Previous research has highlighted the importance of these factors to water source
choice; however, to the best of our knowledge, this is the first study to relate all four to
patterns of in-home water drinking behavior. We explored these factors’ contributions
to explaining patterns of drinking water sources in one’s home with the ultimate goal of
better evaluating potential indicators of community trust.
2. Materials and Methods
2.1. Study Area
The greater Roanoke area in western Virginia contains the city of Roanoke and the
neighboring Roanoke and Botetourt counties. The urban and suburban area is home to
roughly 227,000 people, the majority of whom are white (78%), lower-middle-class (median
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income from $41,483 in Roanoke City to $64,733 in Botetourt County) citizens [48,49].
Approximately 50% of households in the area are customers of the local water utility. Since
its formation in 2004, the water utility that provides public water for the greater Roanoke
area has had a record of safe and timely drinking water delivery that meets both the utilities’
and government’s standards.
Because our study focused on the decision to drink municipal tap water in the context
of threats to surface water sources, we limited our population to customers of the local
water utility whose water was sourced from surface water reservoirs. We formed our
sampling frame using publicly available addresses, cross-listing our data with the utility
to exclude residents who sourced their home water from wells. After randomly selecting
a sample of 800 residents from this list and removing eight due to invalid addresses, a
sample of 792 residents remained. This sample required a 40% response rate (n = 385) to
attain 95% confidence intervals and ±5% sampling error [50].
2.2. Distribution
We used a four-stage drop-off pick-up method adapted from Trentelman et al. (2016)
to distribute the questionnaire [51]. Compared to other distribution methods, drop-off
pick-up methods have an increased emphasis on social exchange and personal rapport
created from in-person interactions, allowing one to garner a higher response rate than
mail or phone survey methods [50–52]. We expected that the lack of water quality issues
in the Roanoke area would result in low salience of the topic among residents and reduce
interest in survey participation. We adopted the drop-off pick-up method to offset this
effect and heighten the survey response. Both the questionnaire and distribution methods
were approved for use by Virginia Tech’s Institutional Review Board.
We sent introduction letters to each resident between September and November 2019,
informing them of our study and intended visit. One week after the letters were sent, our
research team visited residents’ homes to provide them with information about the study
and invite them to participate. We mailed introductions to groups of about 100 houses
per week to allow us time to visit all residents’ homes no more than two weeks after they
received the letter. To maximize the likelihood that residents would be home from work, we
scheduled visits between 4 p.m. and 8 p.m. on weekdays and between 10 a.m. and 4 p.m.
on weekends. To ensure uniform interactions, team members adhered to a script adapted
from the guidelines that Dillman et al. (2014) and Trentelman et al. (2016) presented [50,51].
If they agreed to participate, residents were given a survey to complete at their
convenience and a doorknob bag to deposit their survey and leave outside for us to pick up
two days later. We made up to two follow-up visits, as needed to contact residents and pick
up completed surveys, waiting two days between visits to allow ample time for them to
complete the survey. If a resident was not home when researchers arrived at their door and
a survey was not left outside for pick up, researchers would leave a note on the door saying,
“Sorry we missed you, we will be back on [insert date],” and attempt that visit again two
days later. The note established the research team’s reliability because the participants
had been told what date to expect the team’s return. We made up to three attempts per
visit to contact a resident. After a third failed visit, we left a packet by the resident’s door
with a note explaining our contact attempts, a cover letter, the survey, and a postage-paid
envelope for the survey’s return. If the third failed attempt was on an introductory visit,
we also included a letter introducing the study and requesting participation.
We first visited homes closest to our base location west of Roanoke and progressed
east. We started data collection in September 2019 but halted operations in November when
daylight saving time restricted sunlit working hours. The COVID-19 pandemic prevented
us from collecting data again in spring 2020. This reduced our sample from 792 to 611. The
remaining 181 addresses were located to the northeast of Roanoke. Potential differences
between neighborhoods sampled and unsampled may reduce the generalizability of our
results to all residents in the greater Roanoke area. To examine the potential for this, we
conducted a test of proportions to compare the respondents in our reduced sample with
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the 2017 data on race from the U.S. Bureau of Census. Race is a demographic variable commonly associated with water quality issues [19,53], and our results indicated no differences
see [27].
2.3. Measurement
The questionnaire assessed resident’s patterns of drinking water source choice, trust in
the water utility, their salience of water topics, perceived risk, evaluations of their tap water
quality, and demographic factors. We pre-tested and refined the questionnaire (n = 60)
before conducting the full survey.
2.3.1. Tap, Filtered, or Bottled Water
We assume in this study that people may prefer a particular source of drinking water,
but their utilization of that source may vary in degree. Thus, preference for filtered water
does not necessarily equate to an exclusive reliance on filtered water. To determine the
degree to which residents utilize one or more water sources, we asked them to indicate
how often in the past six months they drank bottled water, tap water, filtered water from
an appliance, such as water filters in pitchers or refrigerators, or filtered water from a
sink attachment in their home. We differentiated appliance filters from sink filters because
appliance filters are often standard features built into modern refrigerators or are more
affordable to purchase, as is the case with water filter pitchers, thus requiring low effort in
comparison with sink filters to obtain. Because the focus of this study was on how water
source choice could reflect trust in municipal utility, we focused on drinking behavior in
the respondents’ homes, ensuring that the respondents would associate tap water with
the water their local utility provided. We measured responses on a five-point scale from
1 = Never or almost never to 5 = All of the time or almost all of the time. The residents responded
to each of the four potential water source choices.
2.3.2. Trust
Two items gauged resident trust based on the conceptualization of trust as a willingness to accept vulnerability [27,54]. The residents first marked the extent to which they
“trusted [their] local water utility to provide drinking water to [their] home that is safe to
drink.” We then asked their degree of comfort “with [their] local water utility controlling
the quality of water delivered to [their] home.” This second item measured vulnerability as
a dimension of trust [32].
To ensure the trust variable would capture variability in the sample, we pre-tested the
versions of the two indicators on Virginia residents using Amazon Turk (N = 111) [55]. We
then conducted an in-person pilot study (n = 20) in our study area. Based on this pretesting
we selected a 9-point scale for both trust items from 1 = Do not trust at all/Not comfortable at
all to 9 = Completely trust/Completely comfortable.
2.3.3. Risk
We measured the residents’ perceived risk of tap water using five indicators assessing
cognitive safety, affective safety, cognitive severity, affective severity, and comparative
risk. Cognitive safety assessed the residents’ beliefs about the likelihood of tap water
safety issues by asking the respondents to rate how safe they believed their water was
from 1 = Completely unsafe to drink to 5 = Completely safe to drink. The affective safety item
asked how concerned the residents were about their tap water safety (1 = No concern to
5 = Extremely concerned). To identify how severely the residents believed a public water
disturbance could impact their lives, the respondents indicated how they would react
cognitively (inconvenience and daily routine change) and affectively (worry and anger)
and if they found themselves unable to access tap water in their homes. We measured these
items on a 5-point Likert-type scale from 1 = Not at all to 5 = A great deal. Lastly, to measure
comparative risk, we chose to focus on the risk of drinking bottled water compared to tap
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water. The respondents ranked tap water on a 5-point Likert-type scale from 1 = More safe
to 5 = Less safe.
2.3.4. Salience
Drawing from Stewart’s (2009) salience framework, we measured attention by asking
how often respondents noticed unacceptable changes in their tap water in terms of taste,
smell, and appearance (1 = Never to 5 = Extremely often) and unacceptable changes in their
tap water in general (1 = Never to 4 = Often) [31]. We measured knowledge of water topics
by asking the residents the amount of information they could provide to a friend or family
about their neighborhood water quality (1 = No information to 5 = A great deal of information).
2.3.5. Tap Water Quality Evaluations
Tap water quality evaluations were measured on a 5-point Likert-type scale of acceptability. Respondents rated how acceptable their water was overall and in specific terms of
taste, smell, appearance, and safety (1 = Not acceptable to 5 = Completely acceptable).
2.4. Analysis
We conducted a hierarchical cluster analysis to partition the sample into mutually
exclusive groups based on broad patterns of in-home drinking water consumption. We
used Ward’s minimum variance method, which groups items into clusters based on the
similarities and differences between each data point [56]. To determine an optimum cluster
solution to use in subsequent analysis, we used both the Calinski/Harabasz test and the
Duda/Hart test to assist in identifying an optimal cluster solution [57].
We explored the internal consistency and dimensionality of multiple indicators using Cronbach’s alpha and factor analysis. We conducted one-way analyses of variance
(ANOVAs) to look for differences across in-home drinking water patterns based on trust,
salience, risk, and water quality evaluation perceptions, in addition to a resident’s drinking
water behavior. We report comparisons of cluster mean differences (ANOVA contrast) and
standardized mean differences (Cohen’s d is a quantitative measure of the magnitude of the
effect). A general guideline for interpreting effect size for Cohen’s d is that a standardized
difference <0.20 represents a small effect, a difference of 0.50 represents a medium effect,
and a difference >0.80 represents a large effect.
3. Results
3.1. Response
Our household contact rate was 75%, communicating with 538 residents out of 611 attempts between September and November 2019. Of those 538 residents, 114 residents
refused to participate, 7 were determined ineligible to participate, and 57 agreed to participate but failed to return a survey. We received 352 surveys for a 59% response rate [58].
3.2. Descriptive Statistics
Bottled water had the highest frequency of use among residents and drinking from
a sink filter the lowest (Table 1). A substantial portion of residents chose to drink from a
mixture of two or more sources rather than from one source alone, as indicated by the low
to moderate means and medians for each water source.
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Table 1. Descriptive statistics for water source choice item. Statistics for each water source include
number of observations (n), mean, median, standard deviation (SD), minimum scale value (minimum)
and maximum scale value (maximum).

Water Source

n

Mean

Median

SD

Minimum:
1 = Never or
Almost Never

Maximum:
5 = All the Time or
Almost All the Time

Bottled
Sink filter
Appliance
filter
Tap

339
312

2.84
1.38

3
1

1.55
1.03

1
1

5
5

331

2.44

2

1.65

1

5

337

2.32

2

1.50

1

5

Most respondents (61%) reported that they mostly or completely trusted their utility to
deliver safe drinking water to them (Table 2). The majority of residents believed the safety
of their water was a low risk both cognitively and affectively and believed they would
experience moderate to severe consequences if their access was compromised. The majority
of residents considered bottled water equally as safe as tap water (45%). Drinking water
was a low salience topic for the majority of respondents, with most (63%) reporting that
they never noticed changes in their tap water and had little to no information about their
neighborhood water quality (61%). Finally, the majority of residents (53%) had generally
favorable impressions of their tap water quality, ranking their tap’s smell, odor, taste, and
general characteristics as very or extremely acceptable.
Table 2. Descriptive statistics for predictor variables. Statistics for each survey item include number
of observations (n), mean, median, standard deviation (SD), minimum scale value (minimum) and
maximum scale value (maximum).
Item

n

Mean

Median

SD

Minimum

Maximum

Trust
Risk
Cognitive safety
Affective safety
Cognitive
severity
Affective
severity

345

6.34

7

1.97

1 = No trust

9 = Complete trust

340
344

1.71
1.87

1
1

0.89
1.09

1 = Completely safe
1 = Not concerned

4 = Completely unsafe
5 = Extreme concern

339

3.25

5

1.40

1 = None

5 = A great deal

326

3.23

4

1.28

1 = None

5 = A great deal

339

3.52

3

0.98

1 = Bottled muchless
safe than tap

5 = Bottled muchsafer
than tap

348
343

1.68
2.35

1
2

0.74
0.98

1 = Never
1 = None

4 = Often
5 = A great deal

348

3.70

4

0.93

1 = Not acceptable

5 = Extremely
acceptable

Comparative
Salience
Attention
Knowledge
Tap water
quality
evaluations

3.3. In-Home Drinking Water Behavioral Choice Patterns
We selected a six-cluster solution for water source choice behavior groups, which was
the solution with the best fit (Figure 2; Table S1).
We labeled the clusters based on the mean frequency patterns of bottled, sink filter,
tap, and appliance filter water use (Figure 3). Almost two-thirds of the respondents (64%)
drank primarily from a single water source. The largest cluster reflected people who drink
bottled water exclusively (24% of the respondents; Figure 3A). The next largest cluster (22%
of the sample) drank exclusively from an appliance filter (Figure 3B), followed by a cluster
exclusively drinking tap water (18% of the participants; Figure 3C). Combined patterns
included a cluster that equally drinks bottled and tap water (16%; Figure 3D), followed by
mixes of all sources except for a sink filter (12% of the participants; Figure 3E) and a cluster
that mixes sources but predominantly uses a sink filter (8%; Figure 3F).
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Figure 2. Dendrogram for the hierarchical cluster analysis.

We labeled the clusters based on the mean frequency patterns of bottled, sink filter,
tap, and appliance filter water use (Figure 3). Almost two-thirds of the respondents (64%)
drank primarily from a single water source. The largest cluster reflected people who drink
bottled water exclusively (24% of the respondents; Figure 3A). The next largest cluster
(22% of the sample) drank exclusively from an appliance filter (Figure 3B), followed by a
cluster exclusively drinking tap water (18% of the participants; Figure 3C). Combined patterns included a cluster that equally drinks bottled and tap water (16%; Figure 3D), folby mixes for
of all
except
for a sink
filter (12% of the participants; Figure 3E)
Figurelowed
2. Dendrogram
thesources
hierarchical
cluster
analysis.
and a cluster that mixes sources but predominantly uses a sink filter (8%; Figure 3F).

Figure 3. Means of the frequency of water source use for each cluster. Dark blue bars represent water
source usage at or above 50% of the time. Medium blue bars represent water usage between <50% of
the time and 50% of the time. Light blue bars represent water usage near <50% of the time. Grey bars
represent water usage at or close to almost never.
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3.4. Comparing Groups
The six clusters—bottled only, tap only, appliance filter only, bottled & tap, sink filter &
mixed, and mixed except sink—differed not only in their water source choice patterns but
also in terms of trust, salience, risk, and tap water evaluation variables (see Figure 4 for
a comparison of differences significant at a p < 0.05 level; Table S2 contains full ANOVA
results; Table S3 contains full pairwise comparison results).

Figure 4. Post hoc pairwise comparisons of adjusted linear predictions of mean differences (first
cluster–second cluster) between clusters for each predictor variable. Predictions were calculated
using a Bonferroni test with 95% confidence intervals. Only significant differences at a p < 0.05 level
are displayed.

Clusters were most similar in terms of affect risk perceptions (Figure 4C: affect safety
and Figure 4E: affect severity) and salience variables (Figure 4G: attention and information
known), evidenced by the lower number of mean differences between pairs in those variables. In contrast, comparative risk perceptions (Figure 4F) and organoleptic evaluations
(Figure 4H) were most effective at distinguishing between groups.
3.4.1. H1: Those with Higher Trust in Their Water Utility to Provide Safe Drinking Water to
Them Will Be More Likely to Drink Their Tap Water in Their Homes as Opposed to
Drinking from Other Sources
The results of the pairwise comparisons mostly support our hypothesis that higher
trust is related to the increased choice of tap water. Residents in the tap only cluster trusted
their utility to deliver safe drinking water to them more than those in all other clusters except bottled & tap (Figure 4A; Table S3). Exclusive tap water drinkers’ trust was much higher
(mean (m) = 7.60) than that of exclusive bottled water drinkers (m = 5.26) (Cohen’s d = 1.32)
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or sink filter & mixed water source drinkers (m = 5.75; Cohen’s d = 1.23), moderately higher
than that of mixed except for sink filter drinkers (m = 6.25; Cohen’s d = 0.91), and slightly
higher than that of appliance filter drinkers (m = 6.45; Cohen’s d = 0.70).
3.4.2. H2: Those with Greater Risk Perceptions Associated with Their Tap Water Will Be Less
Likely to Drink Their Tap Water in Their Home as Opposed to Drinking from Other Sources
We found partial support for this hypothesis. Clusters with tap water central to their
drinking water choices had lower risk perceptions than some other behavioral clusters,
but not all of them. Residents who drank tap water exclusively believed more strongly that
their tap water was safe to drink (m = 1.21) than exclusive bottled water drinkers (m = 2.18;
Cohen’s d = −1.19) or sink filter & mixed water drinkers (m = 2.08; Cohen’s d = −1.31) did
(Figure 4B; Table S3). Exclusive tap water drinkers were on average not concerned about
the safety of their tap water (m = 1.43). While they were less concerned than bottled only
drinkers (m = 2.30; Cohen’s d = −0.79), they did not differ in concern level from other
behavioral groups (Figure 4C).
Residents who drank tap water exclusively reported that they would be more worried
or angry if they lost access to drinking water (m = 3.38) than exclusive bottled water drinkers
(m = 2.58; Cohen’s d = 0.66; Figure 4E). Residents who drank tap water exclusively were
also much more likely to think that not having access to their home tap water would
directly impact their lives (m = 3.94) than people who drank bottled water only (m = 2.22;
Cohen’s d = 1.40) and moderately more likely than those who drank both bottled & tap
water (m = 3.13; Cohen’s d = 0.66; Figure 4D).
The comparative risk variable, asking about the relative safety of tap water compared to bottled water, differentiated tap water drinkers from almost every other cluster
(Figure 4F). Residents who drank tap water exclusively believed that tap water is no different from bottled water in terms of safety (m = 2.88). Those who drank bottled water
exclusively believed much more strongly that bottled water is safer than tap (m = 4.28;
Cohen’s d = −1.78). Most other groups also believed that bottled water is safer than tap,
including those who drank bottled & tap water (m = 3.64; Cohen’s d = −0.92), sink filter &
mixed water sources (m = 3.52; Cohen’s d = −0.71), and from mixed water sources excepting a
sink filter (m = 3.58; Cohen’s d = −0.80). There was no difference between the tap water only
cluster and the appliance filter only cluster in terms of their beliefs about bottled versus tap
water safety.
Overall, cognitive and comparative risk perceptions (Figure 4F) differed more than
affective risk perceptions (Figure 4C,E) between clusters, as demonstrated by the larger
effect sizes between means. Exclusive tap water drinkers had lower risk perceptions than
several non-tap water clusters, but it was not universal. Exclusive bottled water drinkers
and exclusive tap water drinkers differed across all variables, unlike other pairs of clusters,
and had stronger effect size differences than with other groups. Exclusive tap water and
appliance filter clusters did not show different means across any of the risk indicators.
3.4.3. H3: Issue Salience Is Related to In-Home Drinking Water Choice. Specifically
H3a: Those who are more knowledgeable about their tap water quality will be more likely
to drink tap water in their homes.
H3b: Those who notice changes to water quality more frequently will be less likely to drink
from tap water sources in their homes.
The pairwise comparison results did not support our first salience hypothesis (H3a), as
information known about water quality was similar across the six clusters (F (5, 298) = 1.85,
p = 0.103). The results partially support the hypothesis that attention paid to tap water quality is related to lower use of tap water (H3b; Figure 4G). Exclusive tap water
drinkers noticed changes in their tap water (m = 1.31) less frequently than exclusive bottled
water drinkers (m = 1.92; Cohen’s d = −0.95), sink filter & mixed water source drinkers
(m = 1.98; Cohen’s d = −1.05), and mixed water source excepting sink filter drinkers (m = 1.75;

Hydrology 2021, 8, 49

12 of 17

Cohen’s d = −0.75). The appliance filter only cluster and bottled & tap cluster did not differ
from the tap only cluster.
3.4.4. H4: Those with more Positive Organoleptic Water Quality Evaluations Will Be More
Likely to Drink from Tap Water Sources in Their Home
Exclusive tap water drinkers had more favorable perceptions of their tap water quality
(m = 4.35) than every other behavioral cluster (Figure 4H), supporting our fourth hypothesis.
This difference was particularly pronounced with exclusive bottled water drinkers (m = 3.01;
Cohen’s d = 1.77) and sink & mixed water source drinkers (m = 3.28; Cohen’s d = 1.48),
and least pronounced with appliance filter drinkers, although still with a moderate effect
difference (m = 3.91; Cohen’s d = 0.62).
Overall, the ANOVA results (Figure 4 for selected comparison; Table S2 for full
results) generally supported the hypotheses that tap water drinkers would have lower
risk perceptions, higher trust, and higher water quality perceptions than other clusters.
Exclusive tap water drinkers had the lowest number of differences with exclusive appliance
water drinkers, suggesting a similarity between those clusters. Exclusive tap water drinkers
showed the strongest differences when compared to exclusive bottled water drinkers and
sink and mixed water source drinkers. This was evidenced by the high mean differences
and effect sizes between those clusters compared to other pairs and the consistency with
which those groups differed between variables.
4. Discussion
Our study examined patterns of in-home drinking water behavior and the degree to
which it relates to perceptions of water and trust in water managers. We found that water
behavior is best described by examining a range of drinking source choice patterns. Higher
propensities to drink tap water were related to more positive perceptions of water quality
and water utilities, including increased levels of trust in the water utility, more favorable
evaluations of water quality, lower perceptions of risk, and lack of attention to salience to
perceived changes in tap water.
4.1. Water Use Patterns: Characterizing Behavior
Our characterization of residents’ water drinking behavior into clusters reliant on one
water source exclusively and clusters who mix their water sources helped capture patterns
of behavior more thoroughly than a dichotomy (e.g., tap water vs. bottled water) would
have. Less than half of our sample (42%) drank either bottled or tap water exclusively,
although many respondents did indicate that they employed an exclusive water source.
Much of the previous literature examining drinking water source choice reduced water
use to a comparison between bottled water use and tap water use e.g., [21,39]. Our results
showed that exclusive tap water drinkers have the largest differences in perceptions with
exclusive bottled water drinkers across variables (Figure 4). Despite these differences, we
found that a more detailed picture could be painted by including mixed clusters, which
accounted for over one-third (36%) of the respondents’ behavior. Looking at patterns of
behavior recognizes that people may rely on multiple sources of drinking water at home.
Distinguishing between filter types was also useful as differences in perceptions of
risk, trust, salience, and water quality depended on the type of household filter individuals
employed. While some previous research has added exclusive household filter water
drinkers to their study scope e.g., [41], we are unaware of other studies that differentiate
between household filter types. In one example of this characterization of filter types,
Leveque and Burns (2017) found that individuals who report higher risk perceptions of tap
water are equally likely to drink household filtered water compared to tap [22]. In contrast,
we found the appliance filter cluster to be one of the most similar clusters to tap water,
while the sink filter and mixed cluster had some of the strongest differences of all clusters,
topped only by the bottled water cluster. It may be important to distinguish between the
type of household filter individuals employ as it can indicate vastly different perceptions
with regard to drinking water and water municipalities.
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4.2. Perception Differences
4.2.1. Trust
Our results demonstrated that residents who primarily utilize tap water as their
drinking source display higher levels of trust in their water utility than those who utilize
mixed sources or bottled water only. Groups that relied partially on tap water, such as
bottled & tap and appliance filter, had higher trust than the bottled water cluster. Yet those
who drank tap water exclusively had higher trust levels than every cluster except for the
bottled & tap cluster. Previous studies comparing tap water and bottled water groups have
also found that tap water drinkers have higher trust levels [18,21,33]. Our results add to
these previous findings by demonstrating how trust can increase with even partial reliance
on tap water.
The difference in trust between those who drink bottled water exclusively and those
who drink it half the time could be explained by examining why people are choosing to
drink bottled water. Ward et al. (2009) found that, while those who drink bottled water
have a range of beliefs about the health benefits of bottled water, these beliefs are not
necessarily key drivers of bottled water purchases. In that case, convenience is the most
motivating factor [59]. Similarly, Saylor et al. (2011) found that lack of convenience is a
barrier to drinking tap water [21]. Consequently, a number of additional factors, including
convenience and marketing effort, may impact drinking water choices. Future research
could explore how these additional factors interact with trust, risk beliefs, and salience to
explain drinking water behavior.
4.2.2. Risk
We found partial support for our hypothesis that tap water drinkers would have
decreased risk perceptions, in terms of cognitive safety, affect safety, cognitive severity,
affect severity, and comparative risk, compared to other clusters. Cognitive safety and
severity were more useful at distinguishing between other clusters than affect safety and
severity, and comparative risk most useful. Similar to previous studies, all risk items
reliably and substantively differentiated between tap and bottled water e.g., [36,37].
Given the stronger risk perceptions of bottled water users, we were not surprised that
comparative risk demonstrated strong differences between clusters but were surprised that
those differences did not reflect patterns in the cognitive safety variable. The comparative
risk variable introduced by Saylor (2011) asks respondents to contrast the cognitive safety
of tap water relative to bottled water [21]. As a result, we expected perceptions to be similar
across groups with these two variables. However, the strongest difference in comparative
risk was found between tap water and bottled water groups, while the strongest difference
in cognitive safety was between tap water and sink filter and mixed groups. Additionally,
the comparative risk variable distinguished between tap water and all other clusters
except for appliance filter drinkers, while cognitive safety only differentiated tap water
from bottled water and sink filter and mixed groups. Future research might benefit from
expanding avenues of relative risk to compare other water sources besides just bottled and
tap or comparing water sources using other measures besides cognitive safety.
4.2.3. Salience
Out of the four variables we examined, salience contributed the least to understanding
behavioral group differences. The respondents’ salience perceptions did not support the
hypothesis that increased knowledge about water quality would impact tap water usage
and partially supported the hypothesis that increased attention to tap water changes would
be related to decreased tap water usage. Grupper [27] surveyed respondents to determine
the role that salience plays in trust formation and found that salience acts as an important
contextual variable for trust determinants. While salience may not have a strong influence
on drinking water behavior directly, it is indirectly relevant through the formation of trust,
which is more proximately related to behavioral choice.
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4.2.4. Water Quality Evaluations
Our findings supported the hypothesis that higher tap water quality evaluations in
terms of taste, smell, and appearance would be associated with an individual’s choice to
drink from tap water sources instead of alternates. Of the perceptions we measured, water
quality evaluations had as strong an effect as trust or comparative risk and was the only
factor that differed between those who exclusively drank tap water and all other clusters.
These results are similar to those of previous literature that cites organoleptic properties as
a crucial determinant of tap water drinking [18,37,41]. While trust in water safety and risk
perceptions both focus on water security, organoleptic evaluations relate to enjoyment of
water. March et al. (2020) found that perception of taste is a stronger motivational factor in
bottled water drinking than safety concerns [60]. Our results support the observation that
these factors of enjoyment are strongly tied to each type of drinking water behavior.
5. Conclusions
Effective management of drinking water resources benefits when water utilities can
adapt and be flexible amid changing environmental conditions. Such resilient management
can be bolstered by positive relationships between water managers and the communities they
serve [12]. In this study, we examined how community perceptions that can strengthen these
relationships relate to drinking water behavior. We specifically examined the role of trust,
risk perceptions, salience of drinking water, and water quality evaluations in their choice of
in-home drinking water sources. We were particularly interested in the role of trust, a concept
often studied in natural resource management because of its positive relationship with resilient
management support, effective communication, and technology acceptance [13,14,16]. We
allowed for the fact that people may vary in their in-home drinking water behaviors, enabling
us to examine further differences that characterize behavioral patterns.
While other studies have demonstrated relationships between demographic variables
such as income, educational level, and gender with water source consumption [41,61,62], it
was not part of our research question. However, when we examine our data, we do not
find a relationship between income, education level, or gender, and cluster membership.
Our results show that those who drink tap water often have more favorable tap water
quality evaluations, have lower perceptions of its risk, pay more attention to tap water
changes, and have higher trust in their water managers, especially compared to those who
drink bottled water exclusively or from a sink filter. Managers may be able to use the
link between high trust and tap water choice as an indicator of public trust. This can help
them determine their need to promote this trust through efforts to increase communication
between utilities and the public. As utilities shift to employing more resilience-based
management strategies, it is increasingly important to understand the ties between the
public perceptions that define community relationships with their utilities and the drinking
water behavior those communities engage in.
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