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ABSTRACT
Objective We evaluate the effectiveness of a swim
skill acquisition intervention among Latino youths, ages
3–14, a minority population at increased risk of
drowning.
Methods Parents were recruited through community
institutions to have their children participate in group
swim lessons. Each child’s swim ability was assessed at
baseline, and they were then exposed to swim lessons
over an 8-week period, taught by trained professionals.
The swim skill curriculum focused on water safety,
ﬂotation and endurance, at ﬁve levels of increasing skill
acquisition. Final swim ability was assessed on the last
day of the child’s participation. Programme effectiveness
was measured using direct pre–post comparisons with
and without adjustment for key moderators (age and
gender) and a mediator (number of practices). We also
present a bias-adjusted estimate comparing low with
high practice volume relying on a propensity score
analysis.
Results Among the 149 participating children, average
acquisition was 12.3 swim skills (95% CI 10.7 to 14.1).
Skill acquisition varied by age category (3–5, 6–9 and
10–14 years) and by gender. We found a strong practice
intensity effect, with skill acquisition accelerated for
those participating in 10 or more swimming lessons. The
propensity-adjusted estimate of the impact of 10 or
more compared with 9 or fewer lessons was 8.2 skills
(95% CI 4.8 to 11.8).
Conclusions An 8-week swim intervention is effective
at building skills in a community-based sample of Latino
children, ages 3–14 years. The number of swimming
lessons was a far stronger correlate of skill acquisition
than were age or gender.

INTRODUCTION
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Drowning is the leading cause of death for children
ages 1–4 and the second leading cause of death for
children ages 5–14 in the USA.1 Drowning is the
process of experiencing respiratory impairment
from submersion/immersion in water, leading to
death or non-fatal events with or without complications. For every death due to drowning, twice as
many non-fatal events resulting from drowning are
treated in emergency rooms.1 For children (0–14)
who experience drowning, swimming pools are the
most common setting (47%), followed by natural
bodies of water (25%), boating accidents (15%)
and bathtubs (13%).2
Drowning outcomes show pronounced health
disparities in terms of race, gender, age, socioeconomic status and physical setting. African
American, Native American and Latino children are
at two to eight times greater risk of drowning
resulting in death compared with their white

counterparts,3–8 with likely under-reporting of
mortality relating to Latinos, who are often classiﬁed as white on death certiﬁcates. White children
die disproportionately in home pools, while
African American and Latino children more often
drown in community pools.1 5 Boys from the ages
of 5–14 are at particularly high risk of drowning
resulting in death.5 9 While African Americans’
lower level of swimming skills relative to whites
have been reliably documented,1 2 less is known
about the level of swimming skills of Latino children.10 11 The rapidly expanding Latino segment
of the US population, in combination with the substantially greater risk of drowning resulting in
death among Latino children, points to a potentially growing problem in this regard if left
unaddressed.
The incidence of drowning has in recent years
been determined to be in slight decline in the USA
(from 1.34 in 2005 to 1.25 per 100 000 in 2009),
although this does not take into account the demographic trend mentioned immediately above. To
reduce drowning rates by 10% to 1.1% per
100 000 by 2020, a goal set by the Ofﬁce of
Disease Prevention and Health Promotion, expansion of evidence-based programmes in conjunction
with system changes is recommended.12 Recent
studies have suggested that drowning can be effectively reduced through evidence-based water safety
programmes, including swimming lessons and
health education.13 14 Knowing how to swim is a
life-saving skill, with instruction particularly
needed for minority populations, which have traditionally been neglected in this regard.
Although there is little dispute that swimming
instruction can build skills that may avert drowning,1 2 12 15 there is uncertainty about the speciﬁc
effects of particular interventions, as well as differences in the effectiveness of interventions by age
and gender. There is also uncertainty as to what
minimal amount of instruction will have measurable results. As community health interventions do
not easily lend themselves to randomised controlled
trials, we designed an observational study with the
primary objective of measuring the relationship of
age, gender and number of swimming lessons on
skill acquisition by Latino immigrant children.

METHODS
This was an intervention study involving 149 children (age 3–14) who participated in an 8-week
swimming lesson intervention between June and
August 2014 held at the Hoover community pool in
Redwood City, California, a municipal-owned facility, approximately 50 km south of San Francisco.
Participants were recruited from ﬁve community
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organisations within the immediate area of the intervention, a
low-income neighbourhood with a predominantly Latino
population.

inﬂuenced by age, gender and number of swimming lessons,
with a greater number of swimming lessons leading to a higher
level of skill acquisition.

Inclusion/exclusion

Intervention

We recruited parents of young children to health education sessions through collaboration with neighbourhood community
organisations. Parents attended one of six 45 min interactive
health education seminars delivered in Spanish by trained health
educators, drawing upon evidence-based best practices15 16 and
risk factors associated with drowning.15 17 18 All attending
parents were encouraged to register their children ages 3–14 for
complimentary swim assessments held at the intervention site.
All the children of those parents were allowed to participate in
the learn-to-swim intervention. No child was refused participation in the community intervention, regardless of residence
location, race or disability status. Although the programme
recruited a total of 395 children, for purposes of this analysis,
we restricted eligibility criteria to those children ages 3–14, with
no known disability, Latino ethnicity, living within the lowincome census tracts of the pool, who spoke Spanish at home,
for which there existed complete survey data for both parents
and child, and cases with at least baseline and follow-up assessment. Latino ethnicity was determined by self-report from an
in-person survey tool.

Conceptual model
Our conceptual model (see ﬁgure 1) was informed by the
Health Belief Model19 and a socialecological framework.20 The
health belief model posits that a person is more likely to implement a behavioural change when faced with a threat perceived
as avoidable. The health belief model also posits that the behavioural change must be perceived as attainable and have protective qualities.19 Following a socialecological framework, we
identiﬁed individual, familial and community factors known or
believed to inﬂuence participation in swim interventions (see
complete list of items in table 1). Our conceptual model presumes that the relationship between swimming lessons and pre–
post change in swim skills (hereafter ‘skill acquisition’) is

Figure 1 Inclusion–exclusion tree, Hoover community learn-to-swim
evaluation.
130

We engaged parents to sign children up for the intervention.
Parents were recruited to participate in a 45 min educational
presentation/slideshow relating to water safety and drowning,
followed by a 15 min question-and-answer session, facilitated in
Spanish by two health educators. Childcare was available at no
cost. After the parent intervention, an 8-week learn-to-swim

Table 1

Baseline characteristics

Baseline characteristic

Girls
n=83

Boys
n=66

Age (mean (SD))
7.62 (2.66)
8.02 (2.60)
Age groups (%) (years)
3–5
26 (31.3)
18 (27.3)
6–9
38 (45.8)
32 (48.5)
10–14
19 (22.9)
16 (24.2)
Child has had formal swim lessons (%)
10 (12.0)
6 (9.1)
Child was exposed to ocean last 12 months (%)
None
34 (41.0)
39 (59.1)
1–5 times
43 (51.8)
23 (34.8)
6+
6 (7.2)
4 (6.1)
Child was exposed to lake last 12 months (%)
None
24 (28.9)
29 (43.9)
1–5 times
55 (66.3)
32 (48.5)
6+
4 (4.8)
5 (7.6)
How comfortable is child placing head under water? (%)
Very uncomfortable
49 (59.0)
42 (63.6)
A little
10 (12.0)
6 (9.1)
Neutral
14 (16.9)
14 (21.2)
Somewhat
4 (4.8)
2 (3.0)
Very comfortable
6 (7.2)
2 (3.0)
What is child’s swim ability? (%)
Novice
78 (94.0)
59 (89.4)
Intermediary
5 (6.0)
6 (9.1)
Advanced
0 (0.0)
1 (1.5)
Sibling also participated in intervention
59 (71.1)
54 (81.8)
(%)
Baseline skill (mean (SD))
13.00 (9.61) 12.21 (8.98)
Parent has fear of water (%)
40 (48.2)
42 (63.6)
Parent has had formal swim lessons
7 (8.4)
2 (3.0)
(%)
Parent has skill and confidence to
15 (18.1)
6 (9.1)
swim 25 yards unassisted (%)
Parent has perceived skill and confidence in rescuing someone
drowning (%)
Not at all
46 (55.4)
45 (68.2)
Very little
6 (7.2)
5 (7.6)
Neutral
15 (18.1)
10 (15.2)
Somewhat
3 (3.6)
1 (1.5)
Comfortable
13 (15.7)
5 (7.6)
Recruitment site
After school programme
8 (9.6)
12 (18.2)
Community centre
25 (30.1)
19 (28.8)
School 1
11 (13.3)
11 (16.7)
School 2
6 (7.2)
2 (3.0)
School 3
33 (39.8)
22 (33.3)
Distance to intervention (mean (SD))
0.97 (0.64)
1.03 (0.68)

p Value
0.36
0.87

0.75
0.09

0.09

0.45

0.41

0.18
0.61
0.09
0.30
0.18
0.44

0.54

0.57
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community programme, customised for children ages 3–14, was
offered as an intervention to children whose parents agreed to
their participation. Children were assigned to small-group swim
classes at different levels, based on their performance during a
15 min in-water test administered by a qualiﬁed tester. Parents
were allowed to register their children for once, twice or three
times per week swimming lessons, for a maximum of 20 lessons
per child. The children were grouped by both level of ability
and age (3–5, 6–9 and 10–14). Classes were co-ed, with the
most recent skill test determining the assigned level for a subsequent 2-week sessions. All swimming lessons were conducted in
English. The tester was the same for all children and for all
follow-ups. The programme followed a standard curriculum
focusing on water safety, ﬂoatation and endurance, at ﬁve levels
of increasing skill acquisition (see online supplementary
appendix A). During the last lesson of each session, the tester
assessed each child’s current skills and allowed advancement if
all skills for a given level were performed to satisfaction.
Whenever a child advanced to the next level, a ribbon was
awarded, as an incentive for continuing participation.

Training
We trained two health educators, one tester, six swim teachers
and one data entry person in the selected standard curriculum
and related procedures. The health educators—who also served
as the translators from English to Spanish of the parent safety
curriculum—completed a 4-hour interactive training session, to
help them master the content, ﬁeld questions and facilitate discussion. The tester was instructed on how to score, while the
data entry person was instructed on how to input the data, so as
to minimise inconsistencies. Experienced teachers were recruited
from another programme, a learn-to-swim programme based on
a training model that was roughly equivalent (in terms of ﬂotation and endurance) to the one used for our study but did not
include the water safety component. All teachers underwent a
3-hour training relating to the swim skill test instrument and the
water safety items, in addition to participating in a discussion
about the importance of holistic approach to teaching, rather
than ‘teaching to the test’.

Swim skill test instrument
We incorporated ‘best practices’ with regard to swim evaluation
tools,21 designing an assessment tool for our purposes. This
assessment tool, while not formally evaluated for reliability and
criterion validity, implemented a standardised approach to baseline testing and assessment of progress. The swim skill test
instrument—covering basic and intermediate skills relating to
water safety, ﬂoatation and endurance—was comprised of ﬁve
levels, with 75 individual items which were completed by an
observer to document whether or not a child could complete
each skill within a level (see online supplementary appendix A).
Face and content validity22 were assessed by an advisory panel
comprised of members from the CDC, USA Swimming and
National Drowning Prevention Alliance, as well as a water safety
litigation specialist.

Data collection
Individual, family and community characteristics (independent
variables shown in table 1) were recorded by means of child and
parent surveys at the time of the parent health education intervention. Children’s attendance at swimming lessons was monitored and recorded daily by the health educators using a
computer attendance software. Swimming skill acquisition was
assessed by the tester (independent from the class teacher) and
Olaisen RH, et al. Inj Prev 2018;24:129–134. doi:10.1136/injuryprev-2016-042171

recorded on the fourth lesson during each session. Data were
promptly entered by the data entry person, located in a room
adjacent to the pool.

Main outcome
The key outcome was change in a child’s swimming ability.
Speciﬁcally, skill acquisition was measured using the swim skill
test instrument, by a single tester (completing both the baseline
and follow-up tests), with all children having the opportunity to
demonstrate their skills to the tester on the ﬁnal day of each
session. Change in swimming ability was represented as a computed score derived from a child’s change in skills, from the time
of baseline testing to the time of the ﬁnal swimming skill assessment. The change in score was calculated by subtracting the baseline score from the ﬁnal swimming skill assessment score.

Statistical analysis
Analysis proceeded in ﬁve steps. First, we compared baseline
characteristics between male and female study participants using
t and χ2 testing. Second, we used the statistical technique
known as bootstrapping, to develop unadjusted overall, age and
gender-stratiﬁed interval estimates of the average number of
skills acquired during the intervention. Third, we employed analysis of variance to assess the simultaneous impact of age,
gender and number of swimming lessons on skill acquisition
change, without additional covariate adjustment, while accounting for multiple comparisons by using Tukey’s honest signiﬁcant
differences (HSD) procedure. Then, we employed analysis of
covariance (ANCOVA) to determine factor–factor interaction.
All calculations were performed using the R programming language (V.3.3.0, 2016) and the MICE (Multivariate Imputation
via Chained Equations) library for multiple imputation of
missing independent variable data (R Core Team. R: A language
and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. 2016. https://www.
R-project.org/.).
Finally, in our secondary analysis, we compared outcomes of
children with low exposure with those with high exposure,
while accounting for any overt selection bias, relying on propensity score matching using calipres.23 Low and high exposure
were determined by the distribution of swimming lesson variable, lower one-third cut-offs, trade-off in power and community best practice guidelines of minimum 10 swim lessons. We
used mixed-effect models to estimate differences in skill acquisition between matched samples.

RESULTS
Participants
Among the 395 children who were recruited for the intervention, 149 (37.7%) met all of the inclusion criteria (see ﬁgure 2).
Participating boys (n=66) and girls (n=83) were similar across
most baseline characteristics (see table 1).

Skill acquisition by gender and age
Average-unadjusted skill acquisition improvement was 12.3
(95% CI ranging from 10.0 to 13.0), obtained through bootstrapping. Skill acquisition improvement was slightly higher
among girls (13.4, 95% CI 11.2 to 16.0) compared with boys
(11.1, 95% CI 8.9 to 13.3), who had an equivalent number of
swimming lessons.

Interaction
Overall, the average participant attended 9.2 swimming lessons
(ranging from 1 to 20, with a median of 9.5, and IQR 6–13).
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Figure 2 Conceptual model.

Skill acquisition improvement was notably higher among the
oldest age group (10–14), especially among girls (20.8, 15.0,
26.7). We tested for variations of skill acquisition by age group,
gender and number of swimming lessons. To explore whether
meaningful differences existed between gender and age groups,
we ﬁrst classiﬁed the number of swimming lessons into three
groups: low intensity as 7 or fewer swimming lessons, medium
intensity as 8–9 swimming lessons and high intensity as 10 or
more. We found a signiﬁcant difference in skill acquisition
improvement between the low and high-intensity groups, in the
expected direction ( point estimate: 10.8, 95% CI 6.9 to 14.7),
but no statistical difference between the low and medium intensity groups (difference of 3.6, 95% CI −1.9 to 9.0). Figure 3
shows the three-way interaction in terms of gender, age group
and number of swimming lessons. Girls and boys responded
similarly to increasing numbers of swimming lessons, with
notable differences by age group. Age group and gender interaction were neither signiﬁcant nor substantial. For girls 10–14,
however, swimming lesson interaction was signiﬁcant, adjusting

for multiple comparison with Tukey HSD ( p=0.04). Taking
into account the two moderators (age and gender),24 the mediator (number of swimming lessons) and an interaction term25
(with age group and swimming lessons), the adjusted effect of
this intervention was found to be 6.8 (1.6, 12.0). This indicates
that this intervention’s effect differs by age, gender and number
of swimming lessons, and the effects are ‘superadditive’ or ‘synergistic’ among girls ages 10–14.

Propensity score analysis
We compared participants with low and median exposure (9 or
fewer swimming lessons) with those with high exposure (10 or
more swimming lessons), as a means of overcoming a major
limitation of observational study design: selection bias.
Members of both the low-median and high-exposure groups
were culled to achieve commonality in terms of a comprehensive set of 15 baseline characteristics (eg, age, gender and preexisting swimming skills), so that each matched member of the
low group had an equivalent member in the high group (ie, a

Figure 3 Three-way interaction plots.
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one-to-one correspondence). Prior to matching, we observed
major differences with regard to some of the characteristics in
the full sample of 149. After matching, none of the baseline
characteristics differed between the two groups, with the population sample subsequently narrowed down to 104. Children in
the matched sample who participated in 10 or more swimming
lessons gained on average of 8.2 more skills (4.8, 11.8), compared with children with 9 or fewer swimming lessons. The
average swimming lesson effect obtained through propensity
score analysis was 24% lower than the unadjusted swimming
lesson effect (see table 2), representing both a more conservative
and more accurate reﬂection of the mediating effect of swimming lessons.24

DISCUSSION
This study sought to estimate the effect of swimming lessons on
skill acquisition improvement, critical for reducing the incidence
of drowning and also for reducing the additional rate at which
this occurs among certain populations. We found that for this
intervention, tailored to the needs of Latino immigrant children
ages 3–14, swimming lessons was the key predictor of skill
acquisition improvement, with neither age nor gender signiﬁcant, except among girls ages 10–14, who outperformed all categories of their peers.
Current research in drowning prevention, with few exceptions, has been primarily limited to retrospective studies and
cross-sectional surveys. Asher et al26 compared performance
among preschool children with 2 vs 3 months of training in
swimming and water safety, ﬁnding that 3 months of practice, as
opposed to 2, resulted in superior outcomes. An earlier study27
involved a non-randomised control experiment, reporting a
similar swimming lesson effect. Most recently, Petrass and
Blitvich28 found statistically signiﬁcant effect of a 12-week swim
intervention administered to 135 young adults. None of the
above-mentioned articles reported intervention effect measures,
neither overall nor stratiﬁed by age and gender.
The result that the older Latina girls, ages 10–14, performed signiﬁcantly better than members of the other categories was unexpected. As this was an observational study of children enrolled in a
community programme and not a randomised intervention, it
could be that the group effect just mentioned can be explained by
a positive confounder.25 Maybe older girls were more motivated
than members of other groups, taking the endeavour more seriously, practising their skills in apartment pool complexes outside
the context of their formal lessons and thereby accelerating the
pace of their learning. As we did not identify or measure potential
confounders, we instead undertook propensity analysis.
To our knowledge, this is the ﬁrst observational study relating
to injury prevention to employ propensity score analysis, so as to
estimate an unbiased effect.29 Our propensity analysis aimed at
addressing possible underlying confounders that could explain
both the unadjusted and adjusted effects, had we considered

them at the beginning. Propensity score analysis is a method for
assessing an observational study as if it had been designed as a
randomised clinical trial. We compared a matched subset of participants, children with 9 or fewer swimming lessons, with children with 10 or more swimming lessons. Members of the low–
medium exposure groups experienced only a marginal effect,
speciﬁcally among children 9 years and younger, with regard to
skill acquisition, as shown in ﬁgure 3. It was not until a threshold
of 10 or more lessons that children’s rates of learning accelerated.
The overall, bias-adjusted effect of swimming lessons of this
intervention—8.2 (with a range of 4.8 to 11.8)—reﬂects the difference in learning between the two matched groups.
Our study advances intervention research through the use of
(1) an innovative recruitment strategy, (2) the combining of
practice-based evidence with evidence-based practice in intervention design and (3) the employment of novel statistical
methods. At the same time, several limitations of this study
should be acknowledged. First, our instrument has not yet
undergone testing for formal reliability and criterion validity.
We were thus limited to building on practice-based evidence,
followed by face and content validity. Also, of the 312 children
who met the inclusion criteria, there was a signiﬁcant loss
(52%) in terms of follow-up. Participants and non-participants,
however, were similar with regard to most baseline characteristics. We also did not check the tester’s accuracy of scoring following training, introducing possible measurement error. Lastly,
swimming instruction was delivered in English, a clear limitation, particularly among the youngest age group, as English is
often not formally introduced to Latino immigrants in this community until the ﬁrst year of elementary school.
While our secondary analysis corrected for bias introduced by
our non-randomised design, a pragmatic randomised cluster
clinical trial relying on a fully validated swim skill test instrument is warranted. Such a study will allow generalisability of
results. Such a design could be of critical value in assessing the
cost-effectiveness of the intervention and subsequent policy,
should the USA follow suit with other developed nations in
enforcing the inclusion of swimming within the physical activity
curricula in elementary and middle schools. Finally, the dynamics of swim skill retention are characterised by substantial disagreement. Retention of swimming skills, year by year,
represents a productive avenue for further research in the area
of injury prevention, for scientists committed to reduce the incidence of morbidity and mortality in water.

CONCLUSION
This intervention study contributes to the knowledge of intervention effectiveness in injury prevention, primarily through the
ﬁnding that number of swimming lessons—rather than gender
or age group—represents the major contributing factor to swim
skill acquisition. A minimum threshold of 10 swimming lessons
within an 8-week interval is recommended.

Table 2 Overall, adjusted and bias-adjusted intervention effect
Intervention effect

Swimming lesson effect

Approach

n

Point
estimate

Lower
95% CI

Upper
95% CI

Approach

n

Point
estimate

Lower
95% CI

Upper
95% CI

Unadjusted
Adjusted (sex, age, swimming lesson)

149
149

12.3
6.8

10.7
1.6

14.1
12.0

Analysis of variance with Tukey HSD
Propensity matching without replacement

127
104

10.8
8.2

6.9
4.8

14.7
11.8

HSD, honest significant differences.
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3

What is already known on the subject
4

▸ Drowning is the second leading cause of unintentional injury
resulting in death among children ages 1–14.
▸ African Americans and Latinos are at greater risk of
drowning than whites.
▸ Boys are twice as likely to drown as girls.
▸ Swimming lessons may decrease the risk of drowning for
Latino children.

5
6
7
8

9

What this study adds

10

▸ An 8-week intervention has been found to be effective for
improving swimming skill acquisition among Latino children,
ages 3–14.
▸ Swimming lessons is a far stronger correlate of skill
acquisition than age or gender.
▸ Intervention research may be advanced through the use of
the unique methodology involving a combination of (1) an
innovative recruitment strategy, (2) the combining of
practice-based evidence with evidence-based practice in
intervention design and (3) the employment of novel
statistical methods.

11

12

13
14

15
16
17
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