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Abstract
Objective: This study evaluated a simple environmental intervention called
‘Water Schools’ in Lower Austria providing free refillable water bottles and
educational material.
Design: Non-randomised controlled cluster trial with three measurements:
at baseline (T0), after the intervention at 9 months (T1) and after 1-year
follow-up (T2).
Setting: Half-day elementary schools in Lower Austria (Austria).
Participants: Third-grade pupils from twenty-two schools in the intervention
group (IG) and thirty-two schools in the control group (CG) participated in the
study. Data were analysed for 569 to 598 pupils in the IG and for 545 to 613 in
the CG, depending on the time of measurement.
Results: The consumption of tap water increased in the IG from baseline to T1 and
then decreased again at T2, but this was similar in the CG (no statistically significant
difference in the time trend between the IG and CG). Similar results were seen for
tap water consumption in the mornings. The proportion of children who only
drank tap water on school mornings increased significantly from baseline to T1
in the IG compared to the CG (P= 0·020). No difference in the changes over time
occurred between the groups for the proportion of pupils drinking approximately
one bottle of tap water during school mornings.
Conclusions: Not only the children in the IG but also those in the CG drank more
tap water after 1 school year than at the beginning. The measurement of drinking
habits in the CG may have been intervention enough to bring about changes or to
initiate projects.
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Establishing healthy dietary patterns in childhood is
especially important because research suggests that
dietary patterns(1–5) and food preferences(6,7) may track into
adolescence or adulthood. In the case of sugar-sweetened
beverages (SSB), a longitudinal analysis has shown that
consumption of sweetened beverages increased from
childhood to young adulthood(8). SSB are a leading source
of added calories and sugars(9), and the intake of free sugars
especially in the form of SSB contributes to an unhealthy
diet, weight gain(10–12), an increased risk of metabolic
syndrome and type 2 diabetes(13) and CVD(14). Furthermore,
dental caries is a concern, especially in children(15–18). The
WHO therefore strongly recommends a reduced intake of

free sugars throughout the lifecourse(19). Ideally, SSB should
be replaced with water.

Water is essential for life, as a component for the body,
and adequate fluid intake and hydration are critical for
human performance and functioning(20). Studies have
shown that a considerable number of schoolchildren are
mildly dehydrated at the beginning of the school day(21),
and that children’s fluid intake is inadequate as the school
day progresses(22,23). Availability of drinking water in
school and especially in class, for example, by allowing
water bottles or cups on the desk or teachers reminding
children to drink during the day, has been shown to
increase children’s hydration status(21,23). Furthermore,
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water consumption has been shown to benefit cognitive
performance(24), short-term memory(21) and both visual
attention and fine motor skills in schoolchildren(25,26).

The European Food Safety Authority (EFSA) defines an
adequate intake of water from food and beverages as 1600
ml/d for boys and girls aged 4–8 years and 1900 ml/d for
girls and 2100 ml/d for boys aged 9–13 years(27). The refer-
ence values for the intake of water in the form of beverages
for Germany, Austria and Switzerland are 940 ml/d for
children 4–7 years old and 970 ml/d for those 7–9 years
old(28). However, research has shown that children
between 4 and 13 years of age only reach water drinking
levels between approximately 400 and 660 ml/d(29–31).

Health promotion in schools is an efficient and effective
way to reach a large number of young people and their
families, as children spend a considerable portion of
their day in school(32). Schools have the potential to impact
children’s behaviour by increasing the availability of
healthy foods(33). Furthermore, the school environment
and the rules implemented in schools can affect children’s
behaviour(34).

Previous research on interventions to increase the water
consumption among schoolchildren is inconsistent.
Especially in the USA, installing drinking water sources,
such as water fountains, water vessels or water bottle filling
stations, has been shown to increase the water consump-
tion of children(35). Studies used different intervention
strategies, mostly multi-component interventions with the
provision of water bottles and educational interventions,
informational material and peer agents. Some studies
showed increased water consumption in the intervention
groups (IG)(36,37), whereas others found no difference(38).
However, these were small studies with only a few schools
in the intervention and control arms. One large cluster-
randomised controlled trial carried out in Germany com-
bined an environmental intervention (i.e. the installation
of water fountains and provision of water bottles) with
educational interventions and showed an increase of
1·1 glasses of water per d between the intervention and
control groups (CG)(39). These studies showed that a rather
simple intervention can have an effect on water consump-
tion among schoolchildren.

In autumn 2018, the Austrian federal state of Lower
Austria started a pilot programme to increase the tap water
consumption of elementary schoolchildren, the ‘H2NOE
Wasserschule in NÖ’ – in English, the ‘H2NOE Water
Schools in Lower Austria’ programme. The aim of this study
was to discern whether the programme can increase the
consumption of tap water among schoolchildren.

Methods

Study design
This non-randomised controlled cluster trial was con-
ducted in Austria. Due to practical reasons, we could not

randomise the schools to be divided into an IG and a
CG. We used the following assumptions to calculate the
required sample size of our study: power 80 %, α 5 %
(two-sided), average number of pupils per cluster:
22 ± 2, variability (SD) of consumed glasses (approximately
200 ml) between children= 0·7 glasses and a 0·3 intra-class
correlation. Based on our power calculations to detect
changes in water consumption, and with an assumed
medium effect of a difference of 0·5 glasses/d between
the IG and CG, we needed to recruit 23 school classes
for each group. We had originally planned to include only
one of the third-grade classes of each school. However,
during the recruitment process, it turned out that therewere
fewer pupils per class than initially assumed, and after con-
sultation with our statistician, we included all classes from
the third grade of each school.

Setting and participants
The study population comprised children attending third-
grade elementary school (approximately 8 years old) in
the federal state of Lower Austria. We chose the third grade
because elementary schools in Austria last for 4 years and,
thereafter, children switch to other schools and can no
longer be traced. Schools were eligible to participate if they
were half-day elementary schools (lessons only until
before lunch) and for the IG only if they did not offer juice
in the school milk programme. All participating pupils had
to provide a written declaration of consent by a parent or
guardian to take part in the study.

The schools in the IG were from three districts in Lower
Austria (St. Pölten Land, Tulln and Melk). All elementary
schools from two of these districts were contacted in
June 2018 by our practice partner, who developed and
delivered the programme along with experts in school
health promotion, and these schools were invited to partici-
pate in the ‘H2NOE Water Schools in Lower Austria’
programme. Becausewe had not reached the target number
of schools by the start of the 2018–2019 school year,
we invited three additional schools from an adjacent district
to participate in the intervention at the beginning of
September 2018.

For the CG, all elementary schools from three different
districts in the federal state of Lower Austria (Gänserndorf,
Hollabrunn and Mistelbach) were contacted in June 2018
and invited to take part in a survey about the eating and
drinking habits of children in the third grade; hence, these
schools were not aware that they acted as a CG. To confirm
their commitment to participate in the survey, we contacted
all schools that showed an initial interest at the beginning
of the school year again at the end of August/beginning of
September 2018.

Figure 1 shows the school and participant flow through
the study. Twenty-one schools in the IG participated in all
three measurements; one school in the IG dropped out
after the baseline measurement due to time-consuming
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administration and questionnaire completion. In the
multi-level analyses, we excluded the baseline measure-
ments of this school. Pupils in the IG who dropped out
of the study were no different than other pupils in the
IG in terms of age, sex, total beverage consumption per
d and juice or soft drink consumption (data not shown).

However, dropouts had a higher consumption of tap
water per d (5·5 glasses ± 0·4 SE (n 50) v. 3·9 glasses ±
0·1 SE (n 544), P = 0·041) and tap water consumption
relative to total drinking volume (70·0 % ± 3·9 SE (n 50)
v. 48·0 % ± 1·4 SE (n 544) P = 0·014) compared to other
pupils in the IG.

22 schools agreed to 
participate: 
34 classes in 3rd grade 
717 pupils in 3rd grade 

Participants at T0: 
22 schools 
629 pupils in 3rd grade 

Participants at T2: 
21 schools 
601 pupils in 4th grade 

Lost to follow-up: 
Dropped out (n 1 school) 
Questionnaire not returned (n 60) 

Lost to follow-up:
Questionnaire not returned (n 86) 
Blank questionnaire (n 2) 

Participants at T1: 
21 schools 
627 pupils in 3rd grade 

Lost to follow-up: 
Dropped out (n 1 school) 
Questionnaire not returned (n 51) 

Contacted: 73 schools 
Responded: 24 schools 

Contacted: 96 schools

5 schools excluded 

3 schools recruited later 

Intervention group Control group
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32 schools agreed to 
participate:
46 classes in 3rd grade
796 pupils in 3rd grade

Participants at T0:
32 schools
613 pupils in 3rd grade

Participants at T2:
31 schools
547 pupils in 4th grade

Lost to follow-up: 
Dropped out (n 2 schools) 
Questionnaires gone missing in the 
mail (n 1 school) 
Questionnaire not returned (n 134)

Lost to follow-up:
Questionnaire not returned (n 183) 
Blank questionnaire (n 3) 

Participants at T1:
29 schools
567 pupils in 3rd grade

Lost to follow-up:
Dropped out (n 1 school) 
Questionnaire not returned (n 128)

64 schools declined participation
An

al
ys

is

T0: 569 pupils in 3rd grade
T1: 598 pupils in 3rd grade
T2: 596 pupils in 4th grade

Excluded from analysis
T0: wrong grade or no info on 
grade (n 4), only baseline 
measurement of complete school 
(n 56) 
T1: wrong grade or no info on 
grade (n 29) 
T2: wrong grade or no info on 
grade (n 5)

T0: 613 pupils in 3rd grade
T1: 567 pupils in 3rd grade
T2: 545 pupils in 4th grade

Excluded from analysis
T2: wrong grade or no info on 
grade (n 2)

Fig. 1 Participant and school flow in the intervention and control groups. T0, baseline; T1, after the intervention at 9 months; T2,
1-year follow-up after the intervention
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In the CG, thirty-two schools participated in the baseline
measurements in autumn 2018 (T0), twenty-nine schools
took part after the intervention at the end of the school year
in June 2019 (T1) because two schools did not participate
and the questionnaires of one school were lost in the mail.
At the 1-year follow-up in June 2020 (T2), one school did
not participate (n 31). Because the schools that did not par-
ticipate were different at different time points, we used all
the data from the CG in our multi-level analyses.

In total, data were available for 1186 pupils at baseline,
1194 at T1 and 1148 at T2. The response rates for the pupil
questionnaires in the participating schools were generally
high, with a mean response rate of 92 % at baseline, 93 % at
T1 and 94 % at T2 for the IG (range from 68 to 100 %) and
slightly lower in the CG, with 79 % at baseline, 80 % at
T1 and 82 % at T2 (range from 38 to 100 %).

Intervention
In the intervention schools, each pupil and teacher
received a free refillable water bottle (500 ml) made of
Tritan™ copolyester, and each classroom got a free drying
rack for the water bottles. In each intervention school, one
information workshop was held by external nutrition
experts specialising in school health promotion for all class
teachers, and teachers received further educational and
teaching material, for example, pre-printed posters for
drinking rules or pre-prints to record the children’s fluid
intake. Schools further received informational material
for parents. Teachers were not instructed to give a certain
number of classroom lessons dealing with the topics of
water and drinking; instead, teachers decided on their
own which interventions they would implement in their
classroom. However, class teachers were advised to estab-
lish drinking rules along with the pupils and to complete
the provided pre-printed poster for the drinking rules as
well as to prompt the children to record their beverage
intake on pre-printed ‘drinking passes’ at least once during
the school year. In all the IG classrooms, pupils had the
opportunity to fill their bottles with high-quality tap water
from common handwashing basins. The school was
advised to organise awhole-school event around the topics
of water and water consumption for all pupils, with the aim
of raising awareness among the entire school.

The intervention started with the information workshop
for teachers in autumn 2018, and the intervention lasted the
whole 2018–2019 school year until June 2019. However,
children did not have to return the refillable water bottles
after the intervention period. On the contrary, schools
received further drinking bottles for the new first graders.

The schools in the CG did not receive any intervention.

Logic model
Based on a review of the previous literature on interven-
tions to increase the water consumption of schoolchildren,
we developed a logic model together with our practice

partner to refine the intervention components and to define
the outputs and outcomes. The logic model was developed
prior to the start of the intervention to help in specifying
the intended outcomes and the possible causal pathways
between the intervention components, outputs and
outcomes. Logic models are often used to facilitate pro-
gramme development and evaluation(40,41). The main aim
of the ‘H2NOE Water Schools’ intervention was that pupils
exclusively drink tap water during their school day, which
lasts until before lunch, reaching approximately one bottle
of water (500 ml) per school day.

Outcome measures

Beverage consumption
The primary outcome was a change in pupils’ tap water
consumption per d and during school mornings. Changes
in beverage consumption for other beverage categories
were the secondary outcomes. To record the beverage con-
sumption, we used a validated 24-h recall questionnaire
developed by Muckelbauer et al. in 2009(42) and adapted
it according to their recommendations (i.e. omitting the
quantity category ‘empty glass’ and the category ‘other bev-
erages’). The questionnaire is picture-based, and children
were asked to mark the number of consumed glasses of
tap water, tea (fruit and herbal), mineral water, milk and
chocolate milk, soft drinks (lemonade, cola and iced tea)
and juice (including juice with water) for five defined time
periods over the previous 24 h. The questionnaire was self-
completed under teachers’ supervision at baseline (T0),
after the intervention at 9 months (T1) and at the 1-year
follow-up (T2) after the completion of the intervention
period. Questionnaires recording a daily beverage con-
sumption of less than two glasses or more than twenty
glasses (with one glass defined as 200 ml) were classified
as implausible. The secondary outcomes were the changes
per d in the consumption of beverages from the other
beverage categories.

For the analyses, we further calculated the following
variables: tap water and total water (tap and mineral)
relative to the total drinking volume (in %) and the propor-
tion of children who only drank tap water in the morning
during school and the proportion of children who drank
approximately one bottle of tap water during school
mornings.

We pilot-tested the entire pupil questionnaire using cog-
nitive interviews with three children (two boys and one girl
of 8 years old) at baseline (T0) and with two children (two
girls of 8 and 9 years old) at T1 and made amendments
accordingly. Cognitive interviews are an effective tool
to identify potential problems in survey questions(43).
During the cognitive interviews, we asked the children to
describe their thoughts when filling in the questionnaire
and to indicate any difficulties in comprehending the ques-
tions or with selecting an answer.
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Attitude of schoolchildren towards drinking
The change in pupils’ attitude towards drinking water was
the second primary outcome, assessed at all three time
points (T0, T1 and T2). We measured a pupil’s preference
for various beverages as their agreement with various
statements regarding water and SSB consumption with a
five-point Likert scale (answer categories: yes, that’s
right/yes, mostly/no, mostly not/no and not true/I don’t
know). Furthermore, we asked pupils to choose their
favourite beverage when thirsty from four predefined
answer categories (tap water, mineral water, soft drinks,
juice or juice with water) and one open category, where
children could write down their favourite beverage when
thirsty. We classified the answers as missing when more
than one beverage category was selected.

Process evaluation parameters
As further secondary outcomes, wemeasured several proc-
ess evaluation parameters regarding the implementation
dose at T1 and T2 and regarding the implementation
fidelity and reach at T1, that is, questions about the class
rules for drinking, use of thewater bottles and drinking pass
and addressing the topic of water drinking during class.
We administered online questionnaires to all teachers
and headmasters in the IG and included questions in the
pupils’ paper-and-pencil questionnaire (see online
Supplemental file). Of the 264 teachers at the 21 participat-
ing IG schools at T1, 62 answered the questionnaire (mean
response rate of 30 % per school, range 10–80 %). At T2, 74
of the 232 teachers at the 21 participating IG schools
answered the questionnaire (mean response rate of 43 %
per school, range 12–80 %).

Furthermore, we carried out three focus group
discussions with a subset of schoolchildren and teachers
to investigate the acceptance of the programme in more
depth at T1. The results of the focus groups will be
published elsewhere.

Health promotion activities during class lessons
We asked the class teachers in the IG and CG a general
question about the health-promoting activities imple-
mented in their class during the previous school year
(at T0, T1 and T2). Teachers were asked to choose from
a list of fifteen activities and could name further activities
in an open category. The following four activities regarding
water were part of the list: (1) drinking rules/drinking
rituals; (2) stations run on the topic of water; (3) providing
bottles/cups to drink from and (4) drinking water or a
healthy choice of drinks as a topic in class.

Statistical analyses
All analyses were performed with the statistical software
package IBM SPSS Statistics for Windows Version 27.0.
Tests for the baseline comparability between the IG and
CG were conducted for age, sex distribution and the differ-
ent categories for beverage consumption. In order to take

clustered data into account, hierarchical linear mixed
models (i.e. multi-level models) were used for the metric
outcomes and generalised estimating equations for the
categorical outcomes.

Continuous variables are presented as means and
standard error and the binary and categorical data as
proportions on an individual level unless stated otherwise.
P < 0·05 was considered statistically significant.

Results

Study sample
At baseline, schoolchildren in the IG and CG did not differ
regarding sex distribution and juice and soft drink
consumption. Age was slightly higher in the IG, and the
tap water consumption per d was higher in the IG
than in the CG (Table 1). Due to collinearity problems,
the model to test for intervention effects on the
primary outcome of water consumption did not include
covariates and was not corrected for baseline water
consumption.

Beverage consumption
The consumption of tap water per d improved in both
groups in a similar way: in the IG increasing from
3·9 ± 0·1 glasses to 4·7 ± 0·1 after the intervention (T1)
and then decreasing again to 4·4 ± 0·1 after the 1-year
follow-up (T2) and similarly in the CG increasing from
3·1 ± 0·1 glasses to 3·9 ± 0·1 at T1 and to 3·8 ± 0·1 at T2
(Fig. 2(a)). No statistically significant difference in the time
trend between the IG and CG was found. A similar trend
was seen for tap water consumption in the mornings
(Fig. 2(b)) as well as for total water (tap and mineral)
consumption per d (see online Supplemental file Fig. S2)
and the consumption of tap water as well as total
water relative to the total drinking volume (see online
Supplemental file Figs. S7 and S8). Soft drink consumption
per d was stable in both groups (see online Supplemental
file Fig. S5), but juice consumption per d decreased
in the IG compared to the CG (P= 0·053, see online
Supplemental file Fig. S6).

The proportion of children who only drank tap water in
the morning during school increased in the IG from 48·3 %
at baseline to 68·0 % at T1 and 68·7 % at T2 and was
statistically significantly different from the CG, where the
proportion increased from 39·3 % at baseline to 51·9 % at
T1 and 49·5 % at T2 (P= 0·020, Fig. 2(c)). The proportions
of children who drank approximately one bottle of
tap water during school mornings were generally low,
with 18·7 % in the IG and 11·2 % in the CG at baseline.
The changes over time were similar in both groups, with
an increase at T1 and a decrease again at T2 (P= 0·374,
Fig. 2(d)).
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Table 1 Baseline characteristics for participants in the IG and CG

Characteristic*

IG CG

P-value†n Mean SE n Mean SE

Participants 573 614 –
Schools 21 32 –
Classes 31 46 –
Participant per school
n 27·3 18·2‡ 19·2 15·0‡ –
Range 7–80 5–75

Age in years 565 8·707 0·02 608 8·637 0·02 0·033
Male
n 572 308 613 311 0·158
% 572 53·8 613 50·7

Beverage consumption; glasses/d
Water (tap) 540 3·94 0·13 591 3·14 0·11 0·003
Total water (tap and mineral) 540 4·91 0·13 591 4·31 0·12 0·286
Juice 540 1·75 0·09 591 1·67 0·08 0·642
Soft drinks 540 0·60 0·09 591 0·52 0·05 0·339
Tap water relative to total drinking volume (%) 540 48·05 1·35 591 40·89 1·28 0·777
Total water relative to total drinking volume (%) 540 58·89 1·26 591 55·55 1·23 0·725

IG, intervention group; CG, control group; SD, standard deviation; SE, standard error of the mean.
*Unadjusted values on an individual level.
†P-values for differences between the IG and CG, with adjustment for clustering according to school and classroom.
‡SD.

Tap water consumption per day

1 bottle of water on school mornings(d)(c)

(b)(a)

Only tap water on school mornings

Tap water consumption during school

T0 (autumn 2018)
T1 (June 2019)
T2 (June 2020)

T0 (autumn 2018)
T1 (June 2019)
T2 (June 2020)

p=0·424

p=0·020

p=0·374

p=0·762

3·9

48·3

18·7

68·0 68·7

39·3

51·9 49·5

25·9
21·2

11·2

20·3
15·4

4·7 4·4

3·1

3·9 3·8

0·8 0·9
0·6

0·8 0·7
1·1

544 540 557586 576 571591 591518 518523 521
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Fig. 2 Beverage consumption among schoolchildren over time in the IG and CG. IG, intervention group; CG, control group; T0,
baseline; T1, after the intervention at 9 months; T2, 1-year follow-up after the intervention; the numbers in the bottom of Fig. 2(a)
and (b) denote the number of pupils; values are means and standard error of the mean; P-values for the difference in the time trends
between the IG and CG account for the cluster effect on the class level
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Attitude of schoolchildren
The proportion of children who agreed to the statement
‘I like to drink water’with either ‘Yes, right’ or ‘Yes, mostly’
was already high at baseline (IG: 86·3 %, CG: 89·3 %) and
did not change much over time between the groups
(P = 0·272, see online Supplemental file Table S2 and
Fig. S9). Agreement with the statement ‘I like soft drinks’
changed over time and was lowest in the IG and higher
in the CG immediately after the intervention at T1
(P = 0·065, see online Supplemental file Table S2 and
Fig. S10). Similar results were found for juice and juice with
water (P= 0·099, see online Supplemental file, Table S2
and Fig. S11). The expressed preference for tap water in
school decreased in both groups over time but was more
pronounced in the CG (P= 0·055, see online
Supplemental file Table S2 and Fig. S13).

The responses for water (tap and mineral) as the
preferred beverage when thirsty were similar in the IG
and CG, and the increasing trend over time was similar
in both groups (IG: 49·8, 53·5 and 54·8 %, CG: 48·8,
50·8 and 52·5 %, P= 0·935; see online Supplemental file
Table S3).

Process evaluation
At T1, 78·0 % (n 46) of teachers reported having drinking
rules in the classroom, and more than 90 % established
these rules because of the programme. At T2, fewer
teachers stated that they had drinking rules in their class-
room (58·6 %, n 41). Similar results were seen with the
use of the drinking pass during class. At T1, 69·0 %
(n 40) of teachers used the drinking pass during class,
whereas at T2 only 30·0 % (n 21) did.

At T1, on average 82 % of children in a class used
the programme drinking bottle (range from 17 to 100 %).
At T2, this value decreased to 74 %, whereas at T2 more
pupils used their own drinking bottles during class
(T0: 24 % v. T1: 16 %), according to teachers’ reports.
At T1, 95 % of teachers (n 56) reported that children used
the programme drinking bottles every day. This value
decreased to 84 % (n 59) at T2.

Furthermore, we also included questions for the pupils
in the paper-and-pencil questionnaire regarding the imple-
mentation of the ‘H2NOE Water Schools’ programme, that
is, the extent of the use of water bottles. At T1, 55·9 % of the
pupils in the third grade (n 329/589) used the programme
water bottle every day. This value decreased to 34·1 %
(n 200/586) at T2 and was statistically significant (P< 0·001).

At T1, 83·6 % (n 51) of schoolteachers in the IG
addressed the topic of water drinking during classes.
At T2, the proportion sank to 62·2 % (n 46) of teachers
who addressed the topic of water drinking in face-to-face
lessons during regular class. As the second semester of the
school year was, in large part, carried out through distance
learning and the last 6 weeks of the school year through
alternating face-to-face lessons for half the class due to

the COVID-19 pandemic lockdown measures in place at
that time in Austria, we also asked about the distance les-
sons, and only 14·9 % of teachers (n 11) in the IG addressed
the topic of water drinking during distance learning in
spring 2020.

We also administered online questionnaires to teachers
at the CG schools and asked them and the teachers at the
IG schools about the health promotion activities in their
own class at all three time points. The proportion of teach-
ers reporting the implementation of all four of the listed
health promotion activities regarding water remained sta-
ble in the CG over the three time points, at approximately
3 %, whereas in the IG at baseline, none of the teachers
reported having installed all four of the listed health promo-
tion activities regarding water in their class. This proportion
reached 21·0 % in the IG at T1 and was 9·5 % at T2 (Fig. 3).
At T2, the proportions were similar between the IG and CG
(P< 0·001 for the overall difference in the time trend
between the groups).

At the end of the first school yearwith the ‘H2NOEWater
Schools’ programme (at T1), 61·9 % of the schoolchildren
(n 365/590) in the IG liked the programme, 23·7 %
(n 140/590) were neutral and 10·2% disliked it (n 60/590);
41·0% of the teachers graded the programme as very good
(n 25/61), 55·7% as good (n 34/61) and 3·3% as satisfactory
(n 2/61); 73·3% of the headmasters graded the programme
as very good (n 11/15) and 26·7% as good (n 4/15). At T2,
the pupils’ approval of the programme was somewhat lower
but was still high, with 53·5% (n 315/589) liking the pro-
gramme and 30·4% (n 179/589) being neutral. The teachers’
and headmasters’ ratings at T2 were similar to those at T1.

Discussion

In this non-randomised controlled cluster trial studying the
‘H2NOE Water Schools in Lower Austria’ programme, we
showed that children from both the IG and CG increased
their consumption of tap water per d and during school
mornings, but there was no difference between the groups.
Hence, providing refillable water bottles and educational
material did not increase the consumption of tap water.
The consumption of soft drinks remained stable over all
three measurements in both the IG and the CG, but the
juice consumption decreased slightly in the IG right after
the intervention. The main aims of the ‘H2NOE Water
Schools in Lower Austria’ programmewere that pupils con-
sume approximately one bottle of water (500 ml) and that
they exclusively drink tap water during their school day,
which lasts until before lunch. The proportion of children
who only drank tap water on school mornings increased
significantly in the IG from baseline to T1 compared to
the CG (P= 0·020), but there were no changes over time
between the groups for the proportion of pupils who drank
approximately one bottle of tap water during school
mornings. The attitude of schoolchildren towards drinking
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water did not change much in either group. The liking of
drinking tap water at school decreased over time in both
groups but was more pronounced in the CG.

There are several points we want to raise to interpret
these results. First, we speculate that the survey on drinking
behaviour in the CG acted as a nudge for school headmas-
ters and teachers to take on interventions to increase pupils’
water consumption during the school year. In fact, 72 % of
the control schools conducted health-promoting activities
regarding water consumption during the 2018–2019 school
year. Although we did not ask schools to do so, such
activities were not discouraged either. In conversations
with headmasters, some even mentioned that the survey
reminded them to again focus on healthy beverage intake
in their school. From the data on health promotion activities
in classrooms, we could infer that classes in the CG were
quite motivated regarding health promotion, because the
proportions of classes having three or four of the four listed
health-promoting activities regarding water in their class
were relatively stable in the CG, whereas the proportions
were similar between the IG and CG only at T2. At baseline
in the IG, none of the teachers reported having instituted all
four of the listed health-promoting activities regarding
water in their class, and this proportion reached 21 % at
T1. Furthermore, it is important that the baseline water
consumption was significantly higher in the IG, and that
half the intervention schools reported that they conducted
health-promoting activities regarding water consumption
before becoming a ‘Water School’. A third important factor
is the seasonality. The baseline measurements were con-
ducted in autumn (September 2018); the post-intervention
and follow-up measurements were taken in early summer

(June 2019 and June 2020). The consumption of water may
be higher in warmer weather(44–46). Furthermore, due to
logistical reasons, the control schools’ baseline question-
naires were sent approximately 2 weeks after the interven-
tion schools’, and there may have already been colder
weather. However, we cannot verify this because we did
not ask pupils to include the date when filling in the ques-
tionnaire. Fourth, the results could be the true results,
showing that the intervention did not have an effect.

Previous studies have shown that the active promotion
of water drinking using the provision of cool, filtered
water or cup dispensers near water fountains increased
the consumption of water(47–50). Further, the distribution
of water bottles had a positive effect on water consump-
tion(36,37). Other studies showed that encouraging water
consumption in place of SSB decreased the consumption
of SSB(51,52) and increased water consumption(51,53,54).
A study recently published by Smit et al. used influence
agents from their own classroom to promote water con-
sumption as an alternative to SSB consumption and
showed less SSB consumption, but no difference was
found in water consumption(55).

In terms of process evaluation, 78·0 % of the teachers in
the IG reported having drinking rules in the class at T1, and
over 90 % established them because of the ‘Water Schools’
programme. After the 1-year follow-up (at T2), the propor-
tion of classes with drinking rules decreased to 58·6 %.
Similarly, the use of the programme bottle decreased from
an average of 82 % to 74 % from T1 to T2. This is in agree-
ment with the pupils’ statements, where the self-reported
daily use of the programme bottle decreased from 55·9 %
to 34·1 % from T1 to T2. Addressing the topic of water

Fig. 3 Number of health-promoting activities regarding water in class (%) in the IG and CG. IG, intervention group; CG, control group;
T0, baseline; T1, after the intervention at 9 months; T2, 1-year follow-up after the intervention; n, number of teachers who answered
the questionnaire; P-value< 0·001 for the difference in the time trends between the IG and CG
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during class lessons also decreased during the follow-up
from 83·6% at T1 to 62·2 % at T2. However, the second
semester of the school year was, in large part, carried out
through distance learning and the last 6 weeks of the school
year in alternating face-to-face lessons due to COVID-19
pandemic lockdown measures. Therefore, opportunities
to address the topic of water during lessons were rare.
Nevertheless, a small proportion of teachers (14·9 %) did
address the topic of water during distance learning in spring
2020.

Strengths and limitations
This study had a number of strengths. First, the sample size
was large. Second, the follow-up time was long, and mea-
surements were taken at three time points. Consequently,
we can draw conclusions about the sustainability of the
intervention. As far as we know, none of the previous stud-
ies of school interventions to increase water consumption
had a follow-up of 1 year after the intervention. Even in the
large German cluster-randomised controlled trial by
Muckelbauer et al., only the water flow of the water foun-
tains was measured at the 19-month follow-up, but no indi-
vidual data on water consumption of schoolchildren(56). In
general, long-term studies on school health promotion are
rare, and the sustainability of public health interventions
after the end of the intervention is relatively unexplored
in the school setting compared to the health sector(57,58).

There are some limitations that are important when
interpreting the results of our study. First, the assessment
of children’s drinking behaviours was based on self-report
using a validated 24-h recall questionnaire developed
by Muckelbauer et al.(42). Water intake may potentially
be underestimated when using 24-h recall(59). Furthermore,
the measurement may have been inaccurate: First, because
we adapted the 24-h recall questionnaire according to the
authors’ recommendations (i.e. omitting the quantity cat-
egory ‘empty glass’ and the category ‘other beverages’)(42).
By omitting the ‘other beverages’ category, it cannot be
ruled out that children consumed more of a beverage
category that was not recorded at all. Therefore, the quan-
tification of the total beverage volume may be flawed, as
Muckelbauer et al. also stated in their validation study(42).
Second, the pupil survey took place in the morning.
We asked teachers to hand out the questionnaires during
a lesson after the morning break at approximately
9:30 a.m. So pupils completed the questionnaires between
9:30 a.m. and noon. The results for the water consumption
during the morning may differ depending on the time the
questionnaire was completed. In some instances, only half
the morning had passed, and we cannot extrapolate the
results to the whole morning. The data on beverage con-
sumption during the whole day are therefore better suited
for comparison purposes. However, measuring the con-
sumption of beverage intake in young children remains a
challenge(60).

Second, recruitment of the schools was based on a con-
venience sample. The intervention schools were contacted
and invited for participation through our practice partner,
who also created and financed the ‘H2NOE Water
Schools in Lower Austria’ programme. They mainly con-
tacted schools that had previously expressed interest or that
had already taken part in other school health promotion
interventions. The control schools, on the other hand, were
contacted by us, and we contacted all eligible schools from
three different districts in the north-eastern part of the
federal state of Lower Austria.

Third, parental involvement in the intervention was
minimal. Parents were informed of the intervention via
parent letters. Parental modelling of certain eating and
drinking behaviours has been shown to influence child-
ren’s diet, and the availability of SSB in the home has also
been strongly associated with SSB consumption among
children(61). Hence, an approach to improve the effective-
ness of the intervention could be to motivate parents to set
an example at home for their children with regard to water
drinking.

Fourth, the response rate of the teacher questionnaires
ranged between 10 and 80 %. Therefore, it is not possible to
draw conclusions about all teachers.

Fifth, the transferability to countries without high-quality
tap water (as in Austria) may be limited.

Conclusions

In conclusion, a simple environmental health promotion
intervention providing free refillable water bottles and
educational material may increase the water consumption
of elementary schoolchildren. However, the impact of the
intervention may not differ significantly from drawing
school headmasters’ and teachers’ attention to focus on
healthy beverages.
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