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Abstract

Understanding what facilitates and hinders water
drinking is crucial to inform interventions for
preventing underhydration. Using the Situated Assess-
ment Method?, we extended previous research by
examining what influences water drinking in daily life.
We studied 213 UK adults, assessing 13 potential pre-
dictors (e.g. thirst, availability of other drinks) of their
typical water intake across 10 everyday situations
(e.g. during work, dinner). Participants then reported
their actual water intake in these situations over three
alternating days during a 1-week follow-up. We evalu-
ated the variability of water intake and its influences
across individuals and situations and the prospective
relationship between these influences and water
intake. The 13 identified predictors explained substan-
tial proportions of variation in water intake. Factors
like habitualness (e.g. subjective effort), self-relevance
(e.g. health consciousness) and immediate feedback
(e.g. taste) were positively associated with water intake.

However, the influence of these factors varied
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significantly across individuals and situations. Our
results suggest that various interrelated predictors facil-
itate and hinder water drinking behaviour,
emphasising the importance of using comprehensive
behaviour theories to inform research in this domain.
They also align with growing evidence that reward may
regulate habitual behaviour.
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INTRODUCTION

Water drinking is crucial for health, as underhydration is linked to serious conditions such as
chronic kidney disease and short-term psychological impacts like negative moods (Benton &
Young, 2015; Perrier et al., 2020). Improving hydration through increased water intake could
prevent these adverse outcomes (Perrier et al., 2020). However, current interventions yield only
small increases in water intake, insufficient to improve underhydration outcomes (Rodger
et al., 2021). Ineffective attempts to change water drinking behaviour indicate that researchers
need to understand better how and why water drinking is performed in real-world settings.

Recent research has addressed this, describing how water drinking is performed (Rodger
et al., 2021) and what influences this behaviour (Rodger & Papies, 2022) in daily life. For exam-
ple, habitual water drinking is often situation-specific, occurring consistently and automatically
in certain situations but not others (Bhanu et al.,, 2020; Rodger et al., 2021; Rodger &
Papies, 2022). The current research was designed to build on these insights using the Situated
Assessment Method” (SAM?; Dutriaux et al., 2023), a quantitative approach for exploring behav-
iour predictors across individuals and daily situations. We used it to identify key constructs, such
as habitualness and reward, evidenced to influence water drinking and explore their prospective
relationship with self-reported water intake across diverse individuals and situations.

Situated Assessment Method (SAM?)

SAM? posits that, to understand behaviour in real-world settings, researchers should measure
behaviour in situations where it may occur, instead of ignoring or averaging across situations.
Additionally, they should also assess all constructs that might influence this behaviour in these
situations. As such, SAM? situates measurements in two dimensions: (1) situational experience
(i.e. situations where the behaviour could occur) and (2) the situated action cycle, a framework
for identifying constructs that may influence behaviour (Barsalou, 2020). For example,
researchers using SAM? would ask participants to report how much various constructs
(e.g. habitualness, reward, health consciousness) influence their water drinking in each identi-
fied situation (e.g. work, exercise, dinner). In contrast to this approach, typical measures of con-
structs are unsituated, meaning participants generalise how constructs influence their
behaviour across all situations (Dutriaux et al., 2023). For instance, the Self-Report Behavioural
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Automaticity Index asks if a behaviour's initiation or performance is automatic. However, prior
research shows automaticity of water drinking varies across situations, suggesting unsituated
measures may not accurately capture real-life experiences (Rodger et al., 2021). SAM? addresses
this by identifying relevant situations where the behaviour may occur and asking participants
to evaluate how automatic it is in each situation.

To develop a measure using the SAM?, researchers have to (1) identify key situations where
the behaviour or experience typically occurs, (2) identify a comprehensive set of potential influ-
ences on this behaviour using the situated action cycle to guide their review of previous
research (discussed in the next section) and (3) ask participants to rate how much each influ-
ences impacts the behaviour in each situation. See Dutriaux et al. (2023) for an in-depth review
and applied example of this approach.

SAM? is a novel method that has shown initial promise in providing informative results on
the influences of daily habitual behaviours (Dutriaux et al., 2023) and trichotillomania (Taylor
Browne Lika et al., 2024). Werner, Papies, et al. (2022) also used the situated action cycle to
assess the underlying influences on drinking behaviour across 11 beverages, identifying five
constructs positively associated with drinking frequency, with socialising/positive consequences
and habitualness having the strongest associations. They explained substantial variation in
drinking frequency across beverages (R*> = 53%-81%). Our research builds on these insights by
assessing water drinking behaviour across real-life situations, focusing on situational experience
and water intake, which were not included in Werner, Papies, et al. (2022).

Water drinking and the situated action cycle

We reviewed previous research on water drinking using the situated action cycle as a frame-
work to identify a comprehensive list of constructs that may influence water drinking. Here, we
outline each phase of the situated action cycle and provide examples of prior research used to
identify the related constructs shown in Figure 1. See supplemental introduction material SI for
a complete account of the literature reviewed.

In brief, the assumption is that in the environment phase, people perceive entities and events
in their immediate environment that provide opportunities to enact actions and can trigger habit-
ual behaviour (Barsalou, 2020). In line with this, research shows that the presence of other pre-
ferred drinks can hinder water intake (Hess et al., 2019; Rodger & Papies, 2022). For example,
people report choosing other drinks, such as sugar-sweetened beverages, over water in situations
where this is readily available (e.g. at home; Claassen et al., 2023) and more rewarding (e.g. when
eating or socialising; Rodger et al., 2023). Free water sources (e.g. tap and public water filters)
can facilitate drinking, whereas the perceived high or unnecessary cost of bottled water can hin-
der drinking (Etale et al., 2018; Hess et al., 2019; Rodger et al., 2021; Wippold et al., 2020). Prepa-
ration behaviours (e.g. filling a glass/bottle with water; Rodger et al., 2021, Rodger et al., 2023;
Veilleux et al., 2020) and water availability more generally (Vézina-Im & Beaulieu, 2019) also
affect whether water is consumed. Finally, physiological states, specifically thirst, are a very
salient influence on water drinking and can be conceptualised as part of people's internal envi-
ronment. For example, thirst is a commonly used cue for water drinking, and not experiencing
thirst in situations is a common reason for not drinking water (Bhanu et al., 2020; Rodger
et al., 2021; Rodger & Papies, 2022; Vézina-Im & Beaulieu, 2019; Werner, Papies, et al., 2022).

In the self-relevance phase, perceived entities and events trigger simulations, partial re-
enactments of previous experiences encoded in memory, that guide behaviour (Papies
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FIGURE 1 The situated action cycle of water drinking. [Color figure can be viewed at wileyonlinelibrary.
com]

et al., 2022). Seeing a water bottle might trigger simulations of enjoying the water, which is then
assessed for self-relevance (e.g. goals, values, identities), and the most self-relevant behaviour is
then performed (Barsalou, 2020). Water drinking is typically performed when associated with
rewarding outcomes and not when linked to unrewarding outcomes (Hess et al., 2019; Rodger
et al., 2023; Rodger & Papies, 2022; Werner, Papies, et al., 2022). High-water drinkers associate
water with rewarding outcomes, while low-water drinkers do not (Rodger & Papies, 2022). The
rewards influencing water drinking can be categorised into short-term and long-term rewards.
Short-term reward relates to water's ability to quench thirst, perceptions of taste and tangible
impacts on well-being (e.g. mood). Long-term reward relates mainly to actual or perceived
health benefits of water drinking (e.g. lower risk of disease, improved skin, facilitated weight
loss). Importantly, being aware of the long-term health benefits of water is not always sufficient
to influence water drinking (Douglas et al., 2015). Instead, water intake is associated with
experiencing or believing in certain actual or perceived long-term benefits (Block et al., 2013;
Etale et al., 2018; Rodger & Papies, 2022; Vézina-Im & Beaulieu, 2019).

Self-relevance induces the affect phase, involving emotions and motivation to pursue actions
aligned with goals and values (Barsalou, 2020). For example, physiological states of thirst and
simulations of drinking water quenching thirst can lead to high motivation to prepare
and drink water (Papies et al.,, 2022). Water drinking research so far has provided limited
insights into the influence of affect and motivation-related constructs. However, the importance
of the affect phase is illustrated by instances where the self-relevance phase leads to people con-
sidering drinking water but having low motivation levels to actually drink it. For example,
while trying to increase water intake, low-water drinkers report remembering to drink water
and perceiving it as self-relevant but not doing so because they lack motivation. Lack of motiva-
tion usually occurred in the presence of key barriers to water drinking, such as performing
other, more valued behaviours or not wanting to use the toilet later on. In other words, despite
water drinking being self-relevant, low-water drinkers typically feel it would be inconvenient to
pursue actions related to water drinking when these barriers are present and often do not do so
(Rodger et al., 2023).
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When motivation is sufficiently strong, behaviour is more likely to be enacted in the action
phase (Barsalou, 2020). Habitualness' is a key factor influencing water drinking (Werner,
Papies, et al., 2022). Water drinking is typically performed consistently in similar situations with
a lack of subjective effort, conscious thought and time needed (i.e. a high degree of automatic-
ity; Rodger et al., 2021; Rodger & Papies, 2022). Outside of situations where water drinking is
highly habitual, it is typically performed inconsistently, relying on conscious thought and sub-
jective effort (Rodger et al., 2021).

Finally, actions produce outcomes, including rewards (e.g. positive taste perceptions) and
prediction errors (e.g. negative taste perceptions) (Barsalou, 2020). Within the situated action
cycle, constructs for self-relevance and outcome phases are the same because they are antici-
pated in the self-relevance phase and then experienced in the outcome phase. For example,
anticipating that water will quench thirst makes the behaviour self-relevant, and experiencing
quenched thirst (or not) is the outcome.

Aim and methodology

Water drinking is an emerging research domain still in the earlier stages of theory development
(e.g. establishing the relationship between concepts; Scheel et al., 2020). Therefore, in line with
recent calls for diverse research methods in psychology and more descriptive research (Diener
et al., 2022), we used the SAM? approach to explore the association between 13 potential predic-
tors and water drinking behaviour across 10 real-life situations (see Tables 1 and 2). We aimed
to triangulate results from previous mixed-method and qualitative research on the underlying
influences of water drinking in daily life using a novel method. This exploratory work had no
hypotheses.

METHODS

The University of Glasgow Ethics Committee approved this research. We have uploaded supple-
mentary materials to the Open Science Framework, including raw data, analysis files and the
supplemental methods and results files referred to throughout. They can all be accessed here:
https://osf.io/pueyx/.

Participants

We collected data from 213 participants 18 years or over, fluent in English, UK residents and
with a 95%+ approval rating via the recruitment platform Prolific (www.prolific.co). We aimed
for the largest sample based on our financial resources to ensure our analyses would be credi-
ble. For example, sample-level means, correlations and regression coefficients are more stable
and reflective of population-level statistics with higher sample sizes. As this research was
exploratory, we did not run a power analysis. However, we used the R package SIMR (Green &
MacLeod, 2016) to estimate the power of the current sample size and design. These simulations
showed 90% to detect a three-point change on a 100-point scale. This can inform sample sizes
in future hypothesis testing research. Data collection took place on Tuesday, 20 June 2023-
Monday, 26 June 2023. The study took an average of 48 min, and participants were paid £7.75.
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TABLE 1 Daily situations.

Label The description given to participants

Education/work/  During work (e.g. while working at your desk, construction site, floor, or home), during

other education (e.g. attending classes, completing assignments on campus or at home), OR if
you are not in work or education, during a daily situation that takes up a large
proportion of your time (e.g. during childcare if you are a stay-at-home parent)

Exercise Exercise (e.g. going for a walk, working out at the gym, going for a run, yoga)

Dinner Eating your evening meal at home

Waking up Waking up

Travel Commuting or travelling short distances (e.g. going to work/school, to the supermarket,
to visit friends)

Restaurant/café In a restaurant or café

Relaxing at home

Relaxing at home (e.g. watching tv, reading a book, playing video games, scrolling
through social media)

Lunch Eating your lunch where you most typically have it (e.g. at home, at work)

Outdoors Being outdoors (e.g. walking around your local area, parks, beaches, visiting a
playground with children)

Family/friends Going to visit family and friends

To collect a more representative sample of the UK adult population, we stratified our sam-

ple by gender and ethnicity. The proportions were based on population data from the Office of
National Statistics (2021, 2022). See Table 3 for participant demographics.

Measures

All surveys were created on Qualtrics (www.qualtrics.com) and are available as supplemental
materials.

SAM? survey
Development

We reviewed prior water drinking research (see supplemental introduction SI1) to establish a
comprehensive set of daily situations where water drinking behaviour may occur, along with
predictor questions regarding constructs that may influence water drinking. We then assessed
these situations and predictors in two pilot studies:

In the Situations Pilot (N = 102), we collected data water intake and frequency data across
33 different daily situations. We used Ward's hierarchical clustering, to identify four distinct
clusters of water-drinking behaviours and select a smaller set of representative situations for
the main study. We also collected qualitative data to identify any missed situations or clarity
issues.

In the Predictors Pilot (N = 60), we collected water intake and responses to 22 predictors of
drinking motivation across five situations: dinner, education/work, exercise, housework and

85UB017 SUOWILIOD BAIEs1D) 3ol dde 3y} Aq peusenob a1e s9plie VO ‘SN JO S3|nJ Joj Areld18UIIUO AB] 1M U0 (SUORIPUOD-PU.-SWLBIALI0D" A3 1M AReaq 1 UUO//SENY) SUORIPUOD pUe SWie | 8U 39S *[9202/20/90] Uo Ariq1T auliuo A8 |im ‘mobse|o JO AiseAIun Aq 86G2T MUde/TTTT 0T/I0pAW00 A3 im A Rig1eul|uo'S uIno -deel/:sdny Wwouy papeojumoq v ‘¥202 ‘7S8085LT


http://www.qualtrics.com

2464

RODGER ET AL.

Health 4 H
Well-Being — B<Zld

TABLE 2 Constructs influencing water drinking.

Construct Predictor question answered by participants

Affordability How motivated you are to drink water in this situation because it is a free/affordable
drink choice? (Not at all-extremely)

Automaticity How automatically do you prepare and drink water in this situation? (Not at all-
extremely) and how automatically do you remember to prepare and drink water in this
situation? (Not at all-extremely)

Availability other =~ What percentage of time do you have access to other drinks that you prefer over water

drinks in this situation? (Never, 0% of the time-always, 100% of the time %)

Health How much does wanting to be healthy matter to you in this situation? (Not at all-

consciousness extremely)

Long-term reward

Short-term reward

How motivated you are to drink water in this situation because it will be good for you
in the future (e.g. your health, body weight, skin, mental wellbeing)? (Not at all-
extremely)

How motivated you are to drink water in this situation because it will be good for you
right now (e.g. make you feel good, energised, less hungry, relaxed, focused)? (Not at
all-extremely)

Preparation What percentage of time do you have a glass or bottle of water you could drink from
within arm’s reach in this situation? (Never, 0% of the time-always, 100% of the time
%)

Priorities Where is drinking water on your list of priorities considering the other things you have
to or choose to do in this situation? (Bottom of my list-top of my list)

Taste How motivated you are to drink water in this situation because you will enjoy the taste
of it? (Not at all-extremely)

Thirst How motivated you are to drink water in this situation because it will quench your
thirst (Not at all-extremely)

Toilet How much do you agree with the following statement? ‘I limit my water intake in this

considerations situation because I do not want to have to go to the toilet later on’ (Strongly disagree—
strongly agree)

Conscious How much do you agree with the following statement? ‘I prepare and drink water in

thought this situation without thinking about it (Strongly disagree-strongly agree)

Inconvenience How much do you agree with the following statement? ‘It would be inconvenient for

me to stop what I am doing in this situation to prepare and drink water’ (Strongly
disagree-strongly agree)

waking up. We used descriptive statistics and linear mixed effects models to determine which
predictors to retain or adjust. For example, we removed the “urge” predictor due to its high cor-
relation with thirst and limited theoretical relevance.

We provide full details of the pilot studies on the OSF (see supplemental methods SM1).

Survey

Participants provided informed consent, read the survey instructions and responded to the data
quality commitment request; a tool for improving data quality (see supplemental methods SM2;
Qualtrics., 2022). We then randomly presented 10 situations individually (see Table 1), and par-
ticipants completed the following three tasks:
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TABLE 3 Participant demographics.

Participant demographic

M SD Range
Age 43.08 13.19 18-83

Count Proportion
Gender:
Man 104 0.51
Woman 109 0.49
Ethnicity:
White 176 2.79
Asian 20 0.32
Mixed 7 0.11
Other 5 0.08
Black 4 0.06
Prefer not to say 1 0.02
Education:
University bachelor's degree 78 0.37
Graduate or professional degree 41 0.19
Vocational or similar 38 0.18
Completed secondary school 33 0.15
Some University but no degree 18 0.08
Some secondary 3 0.01
Completed primary school 1 0
Some primary 1 0
Typical daily beverage intake (mL) M SD
Water 1,481 1,050
Hot drinks (e.g. tea, coffee) 1,241 1,099
Cold drinks (e.g. sugary drinks, fruit juice) 633 918

Note: This table shows the demographics of the 213 participants who completed the initial SAM? survey. Due to incomplete
data, we excluded seven participants from analyses using the drinks diaries with the following demographics: age (M = 37.14,
SD = 8.86), gender (woman = 2, man = 5), education (university education = 6, completed secondary school = 1), and
ethnicity (White = 6, Black = 1).

First, they described the external and internal aspects of the situation in more detail
by responding to open-ended questions, such as “Briefly describe where you typically
are in this situation”. This task aimed to help participants immerse themselves in the
situation.

Second, they reported their typical water drinking frequency and intake. Frequency: “How
often do you typically drink water in this situation when it occurs?” Never, 0% of the time-
always, 100% of the time. Intake: (1) “What glass or bottle do you use most often to drink water
in this situation?” Response options are shown in Figure 2. (2) “How many of this particular
glass/bottle of water do you typically drink in this situation?” 0-12 glasses. We multiplied the
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FIGURE 2 Water intake question response options. [Color figure can be viewed at wileyonlinelibrary.com]

glass/bottle amount chosen by how many participants reported drinking to calculate water
intake (mL). This approach aligns with previously validated water intake measures (Veilleux
et al., 2020).

Third, we asked the participants to respond to 13 randomly ordered predictor questions (see
Table 2) on 0-100 VAS scales.

After participants completed these tasks for all 10 situations, we asked them about their typ-
ical daily drinking behaviour for other drinks. These questions aimed to gain insight into our
sample's average intake of water, non-alcoholic drinks and hot drinks. Finally, we asked for
demographic information, including age, gender, ethnicity and education.

Daily drinks diary

Participants completed drinks diaries at the end of 3 days during a follow-up period. We pres-
ented the 10 situations individually and asked participants, “Did the situation above happen
today?” with “yes” or “no” response options. If participants responded ‘“no”, they moved on to
the next situation. If they responded “yes”, we asked them the same two water intake questions
outlined in the SAM? survey section above.

Procedure

Participants completed the SAM? survey on Tuesday, 20 June 2023. We then invited them to
complete a drinks diary the following Thursday, Saturday and Monday between 6 and 12 PM.
We chose these days to collect water intake data on diverse days of the week where different sit-
uations might occur. We sent participants reminders (see supplemental methods SM3) through-
out data collection to reduce attrition.

Analysis

In Section 3, we outline each analysis approach and their respective results. We conducted all
analyses in R Core Team (2023). For an overview of data quality checks, see supplemental
methods SM4.
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RESULTS

The results regarding diary water intake, typical intake and typical frequency were extremely
similar. Therefore, we only report diary water intake as it is the most theoretically relevant. For
the typical intake and frequency results, see supplemental results SR1 and SR2.

Dairy water intake

Participants reported drinking an average of 436.71 mL (SD = 535.28) during daily situations,
which varied depending on the situation (Figure 3). For example, during restaurant/café, travel
and visiting family/friends, which occur outside the home and are known to be conducive to
drinking other beverages or limited water intake (Claassen et al., 2023), intake was typically
lower than the grand mean.

We used the ICC2 intraclass correlation coefficient (Shrout & Fleiss, 1979) to estimate the
average correlation in intake between all possible pairs of participants and situations. ICC2
values can reflect poor (< 0.5), moderate (0.5-0.75), good (0.75-0.9) and excellent agreement
between judges (> 0.9) (Koo & Li, 2016) and account for random variation across judges, likely
generalising to other samples from the same population.

Figure 4 shows that participants (ICC2 range = 0.27-0.29) and situations (ICC2
range = 0.16-0.21) had very low agreement in intake, indicating that situations have dissimilar
intake across different participants and participants have dissimilar intake across different situ-
ations. Additionally, participant and situation random effects also explained a large proportion
of the variation in intake (43%-50%).

6000 1 L]
5000
° ° °
L]
— 4000 s %
£ * Diary
L]
% . Day 1
£ 30001
£ BS Day2
g E Day 3
© 2000
1000
0

Dinner ' Exe;c;se ' Outdoors Restaurant/Café  Visit Fami'iy/Fnends
Education/Work/Other Lunch Relaxing at home Travel Waking Up
Situation

FIGURE 3 Diary water intake spread per situation. Note. The plots show the spread of diary intake per
situation and diary day using the following summary statistics: median, 25th and 75th percentiles (lower and
upper hinges) and 1.5 x interquartile range (lower and upper whiskers). Observations outside of this spread are
plotted individually by black dots. The horizontal blue dashed line shows the grand mean of diary intake. The
situations are presented alphabetically. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4 Diary water intake heatmaps: participant by situation by day. Note: Heat maps displaying diary
intake for the 206 participants in each of the 10 situations over the three diary days (i.e. each cell represents the
diary intake for one participant in one situation on 1 day). As cells become darker blue, this indicates higher
diary intake values. As they become lighter yellow, this indicates lower diary intake values. Grey cells indicate
that the situation did not occur. We note that day 2 was a Saturday, so most cells for education/work/other are
grey in this instance. [Color figure can be viewed at wileyonlinelibrary.com]

Predictor responses

Figure 5 visualises the average trends in predictor responses and how these vary across partici-
pants and situations. For example, while toilet considerations and inconvenience were typically
low, they were high during travel. In contrast, preparation and thirst, typically high, were mod-
erately low during travel. Additionally, all predictors typically around the scale's midpoint
(e.g. long-term reward, short-term reward, conscious thought, automaticity) were moderate to
extremely high during exercise. In contrast, availability of other drinks, typically high, was
extremely low during exercise. A detailed overview of these trends is on the OSF (see supple-
mental results SR3).

We used ICC2 to assess the variation between participants and situations regarding predic-
tor responses (See SR3). Across all predictors, inter-rater agreement between participants was
extremely low (range = 0.04-0.28). This indicates that situations have very dissimilar predictor
responses across participants. Inter-rater agreement between situations ranged from low to
moderate (Range = 0.14-0.54). This indicates that participants have moderately dissimilar pre-
dictor responses across different situations.

Exploratory factor analysis

There was a moderate to strong correlation between two different clusters of predictors (see
supplemental results SR4). Therefore, we used exploratory factor analysis to assess whether
there was an underlying set of latent constructs that the predictors loaded onto. This approach
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FIGURE 5 Predictor response heatmaps: participant by situation. Note. Heat maps displaying predictor
responses for the 213 participants in each of the 10 situations (i.e. each cell represents the predictor response for
one participant in one situation). As cells become bright yellow, this indicates higher predictor responses. As
they become dark purple, this indicates lower predictor responses. The predictor heatmaps are presented in
ascending order based on the grand mean response. [Color figure can be viewed at wileyonlinelibrary.com]

can help inform theory development, such as defining key constructs and establishing relation-
ships between them, a key aim of the current research (Haig, 2005). Fabrigar and Wegener
(2011) provide a detailed review of exploratory factor analysis, and we have outlined our
approach on the OSF (see supplemental results SR5). Briefly, we used oblique rotation, allowing
factors to correlate as this is recommended in social science, where everything measured is
somewhat correlated (Meehl, 1990; Watkins, 2018). We also present a four-factor solution as
parallel analysis (Finch, 2020; Watkins, 2018), and a comparison of fit indices (see Finch, 2020)
suggested this was the most appropriate. We italicise and bold factor names and italicise pre-
dictor names.

The four-factor solution explained 64% of the variance in predictor responses and resulted
in the following factors (see Figures 6 and 7): (1) Habitualness was the most important factor,
explaining 25% of the variance in predictor responses. It captured (in descending order of factor
loading) the degree of automaticity and conscious thought needed to prepare and drink water,
how often there was a glass/bottle of water within arm's reach (i.e. preparation) and how much
water drinking is prioritised. (2) Self-Relevance explained 20% of the variance in predictor
responses. It captured how motivated participants were to drink water by long-term reward,
how much being healthy mattered (i.e. health consciousness) and motivated participants were
by short-term reward and affordability considerations. (3) Immediate feedback explained 12%
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factor solution. Factors are listed on the right with curved lines denoting the correlation (if any) between each
factor. The arrows show what predictors (listed on the left) load onto each factor with the predictors’ factor
loading. [Color figure can be viewed at wileyonlinelibrary.com]

of the variance in predictor responses. It captured how motivated participants were to drink
water by its ability to quench thirst and positive taste expectations. (4) Perception of external
constraints explained 6% of the variance in predictor responses. It captured the degree to
which water drinking was impacted by toilet considerations, perceptions of inconvenience and
the availability of other preferred drinks in the immediate environment.

Figure 6 shows that habitualness, self-relevance and immediate feedback were positively cor-
related. Perception of external constraints was uncorrelated with the other factors. Figure 7
shows that numerous predictors cross-load onto multiple factors. For example, priorities cross-
loaded onto habitualness and self-relevance (cross-loading = 0.33). Our research is more con-
cerned with theory building than scale development, so cross-loadings are not problematic, and
researchers should account for cross-loading in their factor interpretations (Fabrigar &
Wegener, 2011, pg 139). For example, the priorities cross-loading makes conceptual sense, as
priorities likely reflect the behaviours performed most regularly because they have the most self-
relevance (i.e. aligned with goals, values, etc.). These behaviours are also likely to exhibit a high
degree of habitualness because they are repeatedly performed and rewarding behaviours
(Wood & Riinger, 2016). We provide a more detailed overview of cross-loadings on the OSF (see
supplemental results SR6).
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FIGURE 7 Four-factor solution loading, commonality, and uniqueness bar plot. Note. The first four bar plots
(moving from left to right) show each predictor's loading across the four factors. Loadings show the influence of
each factor on the predictor controlling for the effects of the other factors in the solution. The black dashed lines
show the loading cut-off for inclusion (—0.3, 0.3). The fifth bar plot shows the commonality of each predictor
(i-e. h2; the amount of variance in the predictor explained by four factors). The sixth bar plot shows the
uniqueness of each predictor (i.e. u2; the amount of variance not explained by the four factors). The bars in each
plot are coloured on a gradient, so darker bars mean higher values, and lighter bars mean lower values. [Color
figure can be viewed at wileyonlinelibrary.com]

Predicting water intake

To assess how well each predictor predicted water intake, we correlated the predictor responses
with intake for one predictor and one situation at a time across all participants using Spearman
correlations. We then ran a simple linear mixed effects model predicting intake with the predic-
tor responses for one predictor at a time. We accounted for the random effects of participants
nested within situations, as participants only reported dairy intake for situations that occurred
for them: intake ~ predictor + (1|ID) + (1|ID:Situation). DeBruine and Barr (2021) provide an
overview of linear mixed effects models. These two analyses allowed us to assess the prospective
relationship between each predictor and intake and how this relationship varied across situa-
tions. We used the same correlation and regression approach for the factors. Given the potential
instability of the four-factor solution (see supplemental results SR7), we used both the predic-
tors and the factors to predict intake.

Figure 8 shows that every predictor was moderately positively correlated with water intake,
bar those related to the factor of perception of external constraints, and this trend was relatively
consistent across situations. Figure 9 shows that self-relevance, habitualness and immediate
Jeedback strongly positively correlated with water intake consistently across situations. Percep-
tion of external constraints slightly negatively correlated with typical water intake. However,
this correlation was zero and slightly positive in some situations.

While these predictive patterns were similar to the results for typical water intake, there
were slight differences. All predictors and factors had slightly stronger associations with typical
intake than diary intake. For example, a one-unit increase in the self-relevance factor score
related to 302.03 mL increase in typical intake but a 175.19 mL increase in diary intake. The
predictors and factors also explained a larger proportion of the variance in typical intake com-
pared to diary intake. For example, self-relevance explained 21% of typical intake variation but
9% of diary intake variation.
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FIGURE 8 Predicting diary water intake per predictor. Note. Forest plots visualise the correlation between
the 13 predictor responses and diary intake grouped by the predictor. They are ordered by R* Each plot shows
one predictor's correlation results across the 10 situations. It also shows the increase in diary intake per unit
increase in predictor response (i.e. regression coefficients; ) and the percentage of diary intake variance
explained by the predictor (i.e. R?). The correlations are coloured per factor. [Color figure can be viewed at
wileyonlinelibrary.com]

The 13 predictors and random effects collectively explained 66% of the diary intake variance.
Interestingly, this was higher than the proportion of typical intake variance explained. How-
ever, this increase is likely due to the participant x situation interaction in the diary intake but
not the typical intake model (i.e. (1/ID:Situation)). The four factors and participant random
effects collectively explained 44% of the diary intake variance. This is lower than the proportion
of typical intake variance explained, likely due to us removing the participant x situation inter-
action from this model. We had to simplify the random effects structure per Barr et al.’s (2013)
recommendation, as the full model was over-specified and failed to converge.

Table 4 summarises how each of the four factors predicts water intake. Controlling for other
factors, the relationship between water intake and self-relevance remains similar
(# = 181.13 mL) to the unadjusted relationship (Figure 9). However, the relationship between
intake and habitualness is slightly lower (# = 152.84 mL). The predictive relationship for imme-
diate feedback is notably lower ( = 38.79 mL), while perceptions of external constraints show a
slight positive effect (# = 7.20 mL).

High versus low water drinker profiles

Underhydration has been linked to chronically low intake (< 1.2 L/day) and adequate hydra-
tion to chronically high intake (> 2 L/day) (Perrier et al., 2020). We categorised our sample into
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FIGURE 9 Predicting diary water intake per factor. Note. Forest plots visualise the results for correlations of
factor scores from the four predictive factors with diary intake. They are ordered by R. Each plot shows one

factor's results across the 10 situations. It also shows the increase in diary intake per unit increase in factor score
(i.e. regression coefficients; ) and the percentage of diary water intake variance explained by the factor (i.e. R?).

low (< 1.2), mid (1.2-2 L) and high (> 2 L) water drinkers (see Table 5) to assess whether these
groups had different predictor response profiles. These groups had similar demographic profiles
(see supplemental results SR8).

Figure 10 illustrates the following trends: The high-water drinker group had higher
responses regarding predictors related to habitualness, self-relevance and immediate feed-
back than the low-water drinker group. However, they had similar responses regarding predic-
tors related to the perception of external constraints.

Results summary

Figure 11 summarises the associations between each predictor, factor, and diary-recorded water
intake.

DISCUSSION

We used the Situated Assessment Method (Dutriaux et al., 2023) to explore (1) individual and sit-
uational variations in water drinking and (2) the relationship between water drinking and its
influences identified by previous research. We found that water intake, predictor responses and
factor scores varied significantly between individuals and situations and within individuals across
situations. This aligns with prior research showing that there are individual differences in water
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TABLE 4 Modelling water intake with the four-factor solution.
Fixed effect: Estimate SE t value
(Intercept) 526.42 20.39 25.81
Habitualness 152.84 24.35 6.28
Self-relevance 181.13 21.97 8.25
Immediate feedback 38.79 22.49 1.73
External constraints 7.20 15.57 0.46
Random effect: Variance SD
Participant (intercept) 68,253 261
Residual 230,383 480

Note: Model specification: Diary water intake ~ Habitualness + Self-relevance + Immediate Feedback + External constraints
+ (1|Participant ID). P-values are not reported as this was an exploratory analysis.

TABLE 5 Descriptive statistics per type of drinker.

Drinker type N M (mL) SD (mL) Range (mL)
Low 96 578.65 362.77 0-1200

Mid 53 1535.85 190.88 1250-1980
High 64 2787.81 707.90 2000-6000

Note: We split the sample using typical daily water intake from the SAM? survey.

intake and adherence to adequate intake guidelines (Ferreira-Pégo et al., 2015) and that daily sit-
uations impact water intake (Rodger et al., 2021). Participants typically drank water either 0% or
100% of the time in a given situation, providing further evidence that water drinking habits are
either established, or that this behaviour is rarely performed in specific contexts (Rodger
et al., 2021; Rodger & Papies, 2022). However, despite the importance of individual and situa-
tional information, most water-drinking research neglects to account for it, as does most research
on appetitive behaviours like eating (for exceptions, see Bauer et al., 2022; Laffan et al., 2023;
Werner, Kloidt, & Barsalou, 2022). Similar to many other health behaviours, water drinking
research typically measures unsituated intake, and interventions report group-level differences
with limited insight into individual and situational variation (Kwasnicka & Naughton, 2020).

The 13 predictors and four factors explained substantial variance in water intake
(predictors = 66%, factors = 44%) when paired with individual and situation random effects,
and their associations with water intake aligned with previous research (see Figure 11 for
summary).

The positive prospective associations between the factors and diary intake suggest that
reward, as represented through self-relevance and immediate feedback, and habitualness
are positively associated with water drinking behaviour. As water intake is perceived as more
rewarding and performed more habitually, water intake increases. High-water drinkers also
had higher responses across these factors, supporting this interpretation and aligning with evi-
dence that reward and habitualness are crucial for understanding water drinking (Papies
et al., 2020; Rodger et al., 2021; Rodger & Papies, 2022; Werner, Papies, et al., 2022). These
interpretations also align with research on other consumption behaviours (e.g. healthy eating)
where reward and habitualness facilitate food intake (Di Maio et al., 2022; McCarthy
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FIGURE 10 Mean predictor response profiles per type of drinker. Note. This plot shows the mean predictor

response profile per type of drinker. The predictors are ordered based on the four-factor solution: habitualness

(automaticity, conscious thought, preparation, priorities), self-relevance (long-term reward, health consciousness,

short-term reward, affordability), immediate feedback (thirst, taste) and perception of external constraints (toilet

considerations, inconvenience, availability other). [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 11 Predicting water intake: factors and predictor summary. Note. This figure presents the factors of

most to least importance (from left to right). It also presents the predictors in descending order of factor loading.

In each square, we present the simple linear mixed effects model regression coefficient of the predictive

relationship between the respective factor/predictor and water intake. “Factors” shows the coefficient for the

factors individually, while “factors (controlled)” shows the coefficient when controlling for the other factors.

[Color figure can be viewed at wileyonlinelibrary.com]
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et al., 2017; Wiedemann et al., 2014). Finally, these interpretations align with broader theories
of behaviour, suggesting that as rewarding behaviours are performed in similar situations,
aspects of the situation, behaviour and outcomes are encoded in memory, making performance
more likely to reoccur habitually (Hommel, 2021; Kruglanski & Szumowska, 2020; Papies
et al., 2022).

Additionally, short-term reward, long-term reward and health consciousness (i.e. Self-rele-
vance) may have a stronger impact on water intake and drinking frequency than thirst and
taste influences (i.e. immediate feedback). However, quenching thirst and liking taste are typi-
cally the most salient and commonly reported influences underlying drinking water in qualita-
tive research (Rodger et al., 2023; Rodger & Papies, 2022). This suggests that drinking water is
associated with a multifaceted set of rewards, and accounting for only one or two rewards might
not provide comprehensive insight into this behaviour. For example, stimulus-response (S-R)
habit theory research typically accounts for only one rewarding outcome of the target behaviour
(Kruglanski & Szumowska, 2020; Mazar & Wood, 2022).

Finally, the individual predictors, lack of suitable toilet options and availability of other pre-
ferred drinks had little to no association with water intake across situations. However, the pro-
spective association between the resulting factor perceptions of external constraints and
diary water intake suggests that water intake decreases slightly as the perceived inconvenience
of drinking water increases. This aligns with prior research suggesting that low and infrequent
water drinkers are more likely to report being hindered by these external constraints (Rodger
et al., 2021; Rodger & Papies, 2022). However, the association between perceptions of external
constraints and water intake was weaker than the other factors, suggesting these constraints
might not have as much influence on water drinking behaviour. Additionally, when controlling
for other factors, perceptions of external constraints had a small positive prospective association
with water intake, which does not align with prior research. High-water drinkers also had simi-
lar predictor responses and factor scores regarding external constraints. This could indicate that
prior research participants overestimated the influence of these constraints (e.g. see Mazar &
Wood, 2022) or that our operationalisation did not capture this association accurately.

The influence of predictors and factors on water drinking varied widely across participants
and situations. For example, thirst is often considered the main influence on water drinking
(Ferrar, 2018), and quenching thirst is a common reward associated with this behaviour
(Rodger & Papies, 2022). However, there was low agreement between participants on how moti-
vated they were to drink water to quench their thirst. This suggests that quenching thirst is not
always sufficient to induce water intake, as it may not motivate certain individuals in specific
situations. Prior research also indicates that thirst is not always a reliable cue for water drinking
(Bhanu et al., 2020; Stevenson et al., 2015). This aligns with theoretical perspectives suggesting
that the ability of constructs to influence behaviour depends on their presence in each situation.
Habitualness, for example, typically develops through repeated rewarding behaviour in specific
situations and may not influence behaviour in different contexts (Papies et al., 2022). As such,
the ability of habitualness to influence behaviour depends on whether habitualness has devel-
oped and the extent to which it has developed when the individual is drinking water.

Theoretical implications

Our results suggest that multiple influences underlie water drinking, including individual dif-
ferences, external situations, reward, self-relevance and habitualness. Therefore, theories

85UB017 SUOWILIOD BAIEs1D) 3ol dde 3y} Aq peusenob a1e s9plie VO ‘SN JO S3|nJ Joj Areld18UIIUO AB] 1M U0 (SUORIPUOD-PU.-SWLBIALI0D" A3 1M AReaq 1 UUO//SENY) SUORIPUOD pUe SWie | 8U 39S *[9202/20/90] Uo Ariq1T auliuo A8 |im ‘mobse|o JO AiseAIun Aq 86G2T MUde/TTTT 0T/I0pAW00 A3 im A Rig1eul|uo'S uIno -deel/:sdny Wwouy papeojumoq v ‘¥202 ‘7S8085LT



THE UNDERLYING INFLUENCES OF DAILY WATER INTAKE Health HEE! 2477
Well-Being -

guiding research in this domain should account for these varied influences. This aligns with
calls for more comprehensive behaviour theories, recognising that complex interactions of mul-
tiple processes govern real-world behaviour (Barsalou, 2019). Comprehensive theories like the
Grounded Cognition Theory of Motivated Behaviour and Desire and GOALLIATH provide
frameworks that explain these interactions (see Hommel, 2021; Papies et al., 2022). In contrast,
theories with a more limited set of constructs, such as S-R habit theory (see Wood et al., 2022)
and social cognitive theories such as the Theory of Planned Behaviour (Bosnjak et al., 2020),
may overlook the complexity of behaviours in diverse daily-life situations (De Houwer
et al., 2018; Du et al., 2022; Hommel, 2021; Kruglanski & Szumowska, 2020). While these theo-
ries guide informative research on the influences of behaviour, incorporating their constructs
within a more comprehensive and situational framework could establish more fine-grained pat-
terns of influence.

Our results also contribute to the debate on the role of reward in regulating habitual behav-
iour. On the one side of this debate, stimulus-response habit theory broadly posits that habitual
behaviour is an automatic response to external stimuli that occurs independent of reward
(Wood et al., 2022; Wood & Riinger, 2016). This theory aligns with dual processing frameworks
where behaviour is either habitual and not regulated by reward or not habitual and regulated
by reward. Similarly, the definition of habit proposed by Gardner (2015), “habit is a process by
which a stimulus generates an impulse to act as a result of a learned stimulus-response associa-
tion”, does not include reward. Alternatively, goal-directed (Kruglanski & Szumowska, 2020)
and grounded cognition (Papies et al., 2022) perspectives on behaviour posit that habitual
behaviour is regulated by both external stimuli and rewards. In these perspectives, behaviours
are conceptualised as habitual to some degree based on the existence of certain features
(e.g. automaticity; De Houwer, 2019), while the degree to which a behaviour is expected to pro-
duce the desired outcome in the given situation (i.e. is conceptualised as rewarding) always
plays a role in initiating and performing the behaviour.

In our study, we found a strong positive association between habitualness and reward: auto-
maticity and conscious thought, common measures of habit (Gardner et al., 2012; Mazar &
Wood, 2022), were strongly positively associated with reward-related predictors. This replicates
results from previous SAM? research on common daily habits (Dutriaux et al., 2023) and aligns
with the goal-directed and grounded cognition perspectives and mounting empirical evidence
for reward regulating habitual behaviour (De Houwer et al., 2018; De Houwer et al., 2022; Du
et al., 2022; Dutriaux et al., 2023; Hommel, 2021; Kruglanski & Szumowska, 2020).

Applied implications

Our SAM? results could inform personalised intervention (Werner, Papies, et al., 2022), poten-
tially more effective than conventional approaches (Mathers, 2019). Individual-level predictive
profiles could tailor interventions to the most relevant influences. If external constraints hinder
an individual's water drinking, strategies like creating implementation intentions (Bieleke
et al., 2021) to remove these barriers could help. If long-term rewards facilitate water drinking,
interventions might prime these rewards when making drink choices (Papies, 2016).

Increasing water intake requires performing it in new or established situations, both of
which are challenging (see Rodger et al., 2021). The SAM? approach could identify situations
where increased water intake is needed. However, an intervention study found that one com-
mon barrier was the perceived infeasibility of drinking water in planned situations (Rodger
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et al., 2023). To address this, an intervention could help participants map out their routines,
identifying barriers and opportunities for action (e.g. script elicitation; Mohideen et al., 2023),
possibly supported by a SAM? profile, before making detailed plans.

Limitations and future directions

A key limitation of our research approach is that the results are correlational and should not
be used in isolation to inform causal explanations of water drinking behaviour. Although
observational data can aid in accumulating evidence for causal explanations by evidencing
consistent or inconsistent associations, it should be done cautiously (Diener et al., 2022; Grosz
et al., 2020; Rohrer, 2018). Our results do not provide insight into the mechanisms by which
these influences affect water drinking or how water drinking affects these influences. How-
ever, our results provide further evidence that these influences are likely relevant to our theo-
retical understanding of water drinking. Researchers could expand on our findings by
manipulating these influences and observing the effect, if any, it has on water drinking. For
example, researchers could attempt to alter taste perceptions (e.g. attempt to improve liking by
adding natural flavourings or through repeated exposure) and observe how this impacts water
drinking. Additionally, researchers could test the relationships between predictors, such as the
interaction between external constraints and other factors, given qualitative research suggests
these issues may moderate the effect of other influences (e.g. not drinking when thirsty due to
lack of toilet access; Venugopal et al., 2023). This line of research could help build a causal
model of water intake.

Another limitation of our research is that it is situated in the UK context, and therefore,
the predictors we identified may not be equally relevant or comprehensive in other contexts.
For example, we focused on constructs supported by previous research in the UK context, as
our goal was to triangulate existing evidence rather than identify new constructs. Addition-
ally, some constructs, such as different motives related to tap versus bottled water consump-
tion (e.g. tap water quality; Onufrak et al., 2014), were excluded based on the pilot studies,
previous research and practical constraints (i.e. survey length). For example, we made no dis-
tinction between tap and bottled water due to previous research showing similar profiles of
drinking motivations for tap and bottled water (Werner, Papies, et al., 2022). Additionally,
our automaticity predictors did not differentiate between preparation behaviours and drink-
ing behaviours. Prior research suggests that this distinction could be crucial for understand-
ing the varying motivations between high and low-water drinkers (Rodger et al., 2023;
Rodger & Papies, 2022). Finally, we did not focus on the potential differential influence these
predictors may have across demographic groups (although see supplemental material SR10
for exploratory demographic analyses). Future research could use SAM? to identify additional
contextually relevant predictors, explore variations in water drinking motives across different
contexts or demographic groupings and robustly examine important distinctions this research
omitted.

A final limitation of this research is the likelihood of measurement error in our water intake
measures, given it relied on self-report data. Accurate measurement is an ongoing issue
researchers need to tackle, as most intake measures are validated for energy or nutrient intake
but not fluid or validated against other error-prone self-report measures (Rogerson et al., 2023).
Future research should assess the validity of different water intake measures against an objec-
tive marker of fluid intake and recommend the most accurate approach (Rogerson et al., 2023).
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This would improve the quality of more theoretical and applied research on water drinking.
However, in the interim, researchers should employ best practice fluid intake measures, such as
the BEVQ-15, which has been validated against 24-h dietary recall (Fausnacht et al., 2020).

CONCLUSION

We used the SAM? to explore the complexities of water drinking behaviour, focusing on individ-
ual and situational variations in water intake and it's underlying influences. We found signifi-
cant variability in water intake, influenced by factors such as reward, habitualness, and, to a
lesser extent, external constraints. Our findings align with existing research, underscoring the
importance of considering individual differences and context in understanding water drinking
behaviours. This research also contributes to the ongoing debate about the role of reward in
habitual behaviours, suggesting that both reward and situational factors are important influ-
ences on water intake.

Our results have practical implications, highlighting the potential for personalised interven-
tions that account for the varying importance of influences across individuals. For instance,
addressing external constraints or enhancing the perceived rewards of water drinking could be
effective strategies. However, our study's correlational nature limits causal interpretations, the
UK context limits the generalisability of these findings, and the self-reported data introduces
potential measurement errors. Future research could build on our findings by manipulating fac-
tors like taste perceptions to assess their causal effect on water drinking and use SAM? to iden-
tify additional relevant predictors and to explore differences in water drinking influences across
contexts.
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ENDNOTE

! It is important to note that we define “habitualness” as a descriptor of behaviour which can be observed based
on prototypical features such as regularity, consistency and automaticity; as this aligns with recent recommen-
dations (De Houwer, 2019; Dutriaux et al., 2023), there are other definitions (Gardner, 2015).
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