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Abstract

Liquid laundry capsules have been involved in multiple poisoning incidents with young chil-
dren in the home. There are a range of contributing factors for these incidents, including
influences from industry, culture, home environments, and parenting/supervision. There
also are influences from children’s behaviour and decisions in reaction to potential hazards.
Previous research examined the influence of capsule product appearance and colour on
children’s behaviour around hazardous household items, but little research examines the
influence of product size. This research explored if differences in the size of liquid laundry
capsules result in different levels of toddler interaction. We compared two commercially
available capsule designs that are identical in physical appearance but differ in physical
size. Our research was conducted using three studies: Study 1, forced-choice test in an out-
of-context laboratory setting; Study 2, an ecologically-valid, simulated real-world setting rep-
licating a home laundry cabinet with a container of capsules left open; and Study 3, a second
ecologically-valid study replicating a home laundry cabinet, this time with a capsule left out-
side its container. Capsule interaction was measured by grasping choice among samples of
156 toddlers ages 9-36 months. The same sample was used for Studies 1 and 2, and a sec-
ond identically sized sample recruited for Study 3. Results from Study 1 indicated toddlers
selected the small (49.8% selection) and large (50.2%) capsule with nearly identical fre-
quency. Study 2 largely replicated Study 1: Toddlers selected the small capsule or container
of small capsules 26.8% of the time and the large capsule or container of large capsules
22.3% of the time. Study 3 also replicated previous findings: Toddlers selected the smaller
capsule 18.0% of the time and the larger 19.2%. We discuss study results, which suggest
no appreciable difference in toddler’s grasping choice to smaller versus larger laundry
capsules.

Introduction

Scholarly research highlights safety concerns with liquid laundry capsules, with some reports
suggesting the physical appearance of the laundry capsules may contribute to child health risk
because toddlers may touch and mouth them, leading to unintentional poisoning incidents
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[1-5]. The highest risk of accidental exposure occurs among toddlers ages 9-36 months, with
about 75% of total reported incidents among children in the US falling within this age range
[3-8].

Given these concerns, it is important to understand factors that may contribute to toddler
interaction with laundry capsules. From a conceptual and theoretical perspective, one might
cite theories explaining that multiple interactive and overlapping factors contribute to individ-
ual injury events like poisoning incidents [9-11]. Bronfenbrenner’s ecological model [11], for
example, proposes that various aspects of a child’s environment interact with that child to
influence decisions and behaviour. There are concomitant and overlapping influences from
broader macrosystem influences like the family’s culture (e.g., risk-taking tendencies, how
laundry areas are typically arranged in a home) and from industry (e.g., packaging and label-
ling of products), as well as from more proximal microsystems like the family environment
(e.g., parent supervision habits). Consumer misperceptions about the risk of products like
laundry detergents also play a role in the microsystem, creating a situation where parents may
not fully appreciate the risk of poisoning to their children and therefore implement insufficient
safeguards and storage habits [12-16].

There also are risk factors that emerge at the individual level in Bronfenbrenner’s ecological
model; these are factors that emerge from the children’s own decisions and behaviours.
Research in related domains suggests children may interact with different household products
at different rates based on products’ appearance-including their shape, colour and transpar-
ency; these factors could therefore influence children’s risk of unintentional poisoning [17-
22]. Research suggests the shape and colour of the product may be especially salient in young
children’s categorization of edible and non-edible products [17,21,22].

There is limited research focused specifically on how children may interact with laundry
capsules. Most published research focuses on macrosystem-level influences by examining
laundry capsule poisoning outcomes, exposure routes, and management of laundry capsule
exposure [23,24] rather than individual-level factors related to toddler’s interaction with the
capsules. One recent study found mixed results in toddlers’ interaction with different multi-
coloured and mono-coloured laundry capsules [25]. In a forced-choice laboratory test, tod-
dlers ages 12-36 months showed some preference toward multi-coloured rather than mono-
coloured capsules. In a more ecologically valid real-world replication of a home environment,
however, no significant differences in toddler’s interactions emerged [25]. In support of these
findings, a review of child exposures reported to US Poison Control Centres found no signifi-
cant differences between children’s interaction with clear versus coloured laundry capsules
[26].

The present paper focuses not on the influence of laundry capsule colour on children’s
interactions with them, but on the impact of a different physical characteristic, capsule size.
Over the past two decades, household washing machines have become larger, the result of two
concurrent patterns. First, many consumers prefer to wash clothes less frequently but with
larger loads, seeking efficiency and ease of completing household laundry tasks amidst their
busy schedules [27]. Second, regulations in the United States have incentivized movement
toward higher-capacity, high-efficiency washing machines on the market, explaining: “Prod-
ucts with a larger capacity are inherently able to achieve higher efficiency levels” [28]. These
patterns have resulted in washing machine capacity growing over 30% between 1999 and 2015,
with 52% of laundry loads completed in the US classified as “large” load machines (roughly
12-13 Ibs. [5.44-5.90 kg]) [28,29]. To properly clean their larger loads of laundry, consumers
must dose more detergent. Therefore, manufacturers have begun marketing laundry capsules
of larger sizes than were previously sold.
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We conducted this research to study the impact of size of laundry detergent capsules on the
desire of toddlers to interact with them. Children develop gripping ability rapidly through the
first decade of life, with particularly accelerated development occurring in the first 5 years of
life, a developmental period that overlaps closely with a period of heightened risk for child poi-
soning [6-8,30-32]. There is some evidence from both infants [33] and older children [34]
that children may prefer to grasp objects that fit in their hands easily, although even the larger-
size laundry capsules currently on the market are easily gripped by toddler-sized hands. In the
child poisoning field, one study offers preliminary data to suggest the size of bottles containing
hazardous and safe household liquids may not influence toddler’s preferences for those bottles
[21]. Our core research question was therefore rather straightforward: will toddlers interact
more with large laundry capsule sizes or small ones?

We evaluated this question in three empirical studies, each of which implemented method-
ology adapted from previous research evaluating children’s preference for laundry capsules of
different colours [25]. In Study 1, we considered toddler’s behaviour in a forced-choice test
where they were presented with four capsules in a randomized order, two small and two large,
to determine which capsule they grasped first. In Study 2, we considered toddler’s behaviour
in a more ecologically valid research design with capsules accessible in the original container
that was left open. Children were presented with a simulated home laundry cabinet containing
multiple products, including laundry capsules, and the first three items they chose to grasp
and handle were recorded. Study 3 used a similar ecologically valid design but incorporated
the presence of a laundry capsule left outside of the original closed packaging, on the cabinet
shelf. The container of capsules presented in Study 3 was fastened with a child resistant lid clo-
sure. Thus, the combination of Studies 2 and 3 evaluated toddler’s behaviour in the two most
common risk situations, when capsules are accessible to young children in open containers
and when a capsule left outside the original container. All research was conducted with tod-
dlers aged 9-36 months, the age group at greatest risk of unintentional exposure [6-8].

Materials and methods
Overview of methods

The research was comprised of three studies, each investigating toddler’s preferences toward
and interaction with small versus larger laundry capsules. Studies 1 and 2 were carried out in
May and June 2019 and Study 3 in October through December 2019. The same participants
taking part in Study 1 also took part in Study 2. A new group of toddlers was recruited for
Study 3. All parents provided informed consent and toddlers provided developmentally appro-
priate assent. All study protocols were approved by the Ethics Committee in Human Research
of the University of Valencia, Spain (Reference Number 1033674). The University of Valencia
ethical committee was chosen for approval because it specialises in social research and repre-
sents the regional area where the study was conducted.

Inclusion criteria for all three studies were toddlers ages 9-36 months with a parent or legal
guardian who could communicate orally in Spanish. Exclusion criteria were minimal and
included any physical or mental disorder that precluded valid participation in the research. All
toddlers were required to be able to stand, sit by themselves, and understand oral orders in
Spanish. No toddlers were excluded from any study for these reasons.

Children were recruited through Asociacion de Investigacion de la Industria del Juguete
(AIJU), a research centre that specializes in investigations about child behaviour and prefer-
ences. Toddlers were recruited for the studies using AIJU’s database of collaborating kinder-
gartens from 5 locations in the province of Valencia, Spain. The 5 locations (Valencia, Alfafar,
Xativa, Alboraia, Meliana) were selected from different districts and neighbourhoods to
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promote social diversity and represent mixed income. All research was conducted in a child-
friendly environment in the kindergartens by the same AIJU researcher. The environment was
a dedicated room with the same set up including identical replications of toddler-sized furni-
ture, and a replicate of an open laundry room storage shelf.

All laundry capsules used in the studies were fabricated to be safe for children while appear-
ing identical to commercially available laundry capsules. They were filled with honey, which
was dyed with food-grade colouring to offer not just a similar physical appearance but also a
similar tactile presentation to the actual products. The smaller capsule contained 23g of honey
and had a footprint of 41 x 43mm. The larger capsule contained twice the amount of honey,
representing a double dosage recommended for a large or heavily stained load of laundry of 8
pounds (3.63 kg) or more. The 46g of honey in the larger product was placed within a capsule
footprint of 50 x 53mm. The capsules therefore looked and felt like marketplace products, with
similar shapes, colors, and designs.

For Studies 2 and 3, original packaging and labelling of all products were used but the con-
tents were replaced for safety with water to the correct weight.

Study 1 and 2 participants. Studies 1 and 2 were conducted with the same sample of tod-
dlers. A total of 156 toddlers (mean age = 24 months, SD = 7.3; 78 boys, 78 girls, range = 9-36
months) participated. Toddlers were recruited at a 4:3 ratio across the sub-age groups of 9-24
months and 25-36 months, reflecting the age distribution of children involved in uninten-
tional exposure scenarios reported among children [3,4,6-8]. Sample size was driven by a non-
inferiority hypothesis that the larger size capsule would be non-inferior to the smaller size in
terms of probability of child selection. Based on findings in related previous research [25], the
proportion test method assumed the probability of choosing the smaller size capsule would be
6%, the probability of choosing the larger size capsule would be 7%, and the margin of non-
inferiority would be 8%. With those assumptions, a minimum sample size of 154 children was
required to achieve 80% power. Expecting experimenter error or other research protocol viola-
tions may lead to two withdrawals, we recruited 156 children for each experiment.

Study 1 procedure. Study 1 was an out-of-context behavioural observation study using a
forced-choice methodology. Toddlers were seated at a table and presented with a total of four
replicas of two sizes of laundry capsules alongside one another in a straight line on a neutral
grey background (Fig 1). Toddlers were purposely seated in the centre of the 4 capsules, at a
distance where they could reach the capsules, but not easily. The sizes were presented to tod-
dlers 6 times in total using a randomized order of presentation, such that small and large cap-
sules appeared in different locations on different presentations. Toddlers were asked to “take
the one capsule that you would most like”. The location and size of the first capsule that the
child grasped and held (not just touched, to replicate real-world risk) was recorded. Before the
trials started and between each trial, toddlers were asked to place their hands on their lap,
allowing each trial to begin from a “neutral” starting position.

Study 2 procedure. In Study 2, the same toddlers who participated in Study 1 were pre-
sented with an ecologically valid simulated open-shelf laundry cabinet designed to mimic the
storage scenario of laundry capsules alongside other household cleaning items (Fig 2). The
laundry capsule container was left open, providing comparatively easy access to toddlers and
representing a “real-life” risk scenario. A range of 9 common household laundry cleaning
items (liquid laundry detergent, bleach, stain pre-treater in spray and tablet form, fabric
enhancer in liquid and bead form, scrubbing brush, sponge, and clothes pegs) was presented
in the cabinet along with the laundry capsules, which were placed inside to fill the large orange
container shown in Fig 2. Laundry capsule size was randomly selected to be small or large. All
products were selected to be of a size and weight that toddlers could easily grasp and handle.
The arrangement and products included in the simulation were identical for all toddlers and
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Fig 1. Photograph of stimuli example, as presented to toddlers in Study 1.
https://doi.org/10.1371/journal.pone.0244481.9001

all trials, and mimicked real-world situations in which the toddler could be at risk when taking
a single capsule directly from the open container or when taking the complete open container,
gaining access to many capsules.

At each visit, toddlers were allowed up to 10 minutes to play and settle in the laboratory
environment. The laundry cabinet was concealed behind a screen during this time. When the
researcher detected the child was comfortable, the open shelf was revealed, and the researcher
asked the toddler to sit or stand in front of it and “take one thing from the shelf and give it to
me”. The first three items selected were recorded.

Fig 2. Photograph of stimuli, as presented to toddlers in Study 2.

https://doi.org/10.1371/journal.pone.0244481.9002
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The starting position in front of the cabinet was the same for all toddlers, and the shelf was
set at a height of 30cm, providing access, visibility and reachability for all toddlers to all items.
An item was considered chosen when the toddler gave it to the interviewer, or if it was fully
grasped; simply touching an item did not qualify as a selection. After the first item was chosen,
the researcher repeated the request for the toddler to take another item. This process was
repeated three times in total. Throughout the trial, researchers were careful to not influence
toddler’s choices through verbal or nonverbal gestures of any type.

The frequency with which either a single capsule or the complete container of capsules was
chosen, as well as selection of the first, second and third choice, was recorded for analysis
purposes.

About one week later (minimum gap of 48 hours, mean gap = 7.8 days, SD = 7.9), the same
toddlers returned to the laboratory and were presented the same scenario and protocol, with
the size of the laundry capsule changed. Order of size presentation was randomised across
visits.

Study 3 participants. A total of 156 toddlers (78 boys, 78 girls; mean age = 23.4 months;
SD = 6.7; range = 9-36) participated in Study 3. As in the previous studies, a 4:3 ratio across
the sub age groups of 9-24 months and 25-36 months was used to replicate the age distribu-
tion of toddlers involved in incidents [3,4,6-8]. Sample size was determined using the same
proportion test method as for Study 1.

Study 3 methods. Study 3 extended Study 2 by leaving a capsule outside the closed pack
of capsules, thus offering a different situation that may present risk of unintentional access to
young children. Toddlers were presented with the same ecologically valid simulated open-shelf
laundry cabinet from Study 2, again designed to mimic the storage scenario of laundry cap-
sules. Laundry capsule size was randomly selected. In Study 3, the container of laundry cap-
sules was closed using the child-resistant fastener, but one capsule was left outside and beside
the pack (Fig 3). This mimicked a situation where the child could be at risk from the exposed
capsule, but minimal risk was present from the closed pack. Again, toddlers were asked three
successive times by the researcher to “take one thing from the shelf and give it to me”. The first
three items selected were recorded.

As in Study 2, toddlers were allowed up to 10 minutes initially to settle, and then the open
shelf was revealed from behind the screen. The researcher asked the toddler to “take one thing
from the shelf and give it to me”. The position in front of the cupboard was the same for all
toddlers, and all items were reachable for all children. After the toddler’s selection was

Fig 3. Photograph of stimuli, as presented to toddlers in Study 3.

https://doi.org/10.1371/journal.pone.0244481.g003
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recorded, they were asked to give the item to their caregiver, and the item was put aside. The

choice process was repeated three times in total, and the frequency with which either a single
capsule or the complete container containing the capsules was chosen was calculated for first,
second and third choice. The sum of the three choices was additionally calculated.

As in Study 2, the same toddlers returned to the laboratory about one week later (minimum
gap of 48 hours; mean = 4.6 days, SD = 2.5) and completed the same scenario and protocol,
with the size of the laundry capsule changed.

Statistical analyses. Preliminary testing for all three studies comparing boys vs girls and
young vs older children yielded no pattern of consistent differences at statistically significant
or marginal levels, so all analyses were conducted across toddler sex and age. Analyses for
Study 1 were conducted by comparing selection of the two differently sized capsules using a
conjoint model with likelihood ratio test in JMP 15.0 (100 SAS Campus Drive, Cary, NC
27513-2414, USA). Given the sample size, a confidence interval at 95% significance level—
within (44%, 56%)—indicates the probability of choosing the small capsule is equivalent to the
probability of choosing the large one. The interval of (44%, 56%) was predefined based on pre-
vious research [25].

For Study 2, twelve mixed models using the Glimmix procedure in SAS 9.4 (100 SAS Cam-
pus Drive, Cary, NC 27513-2414, USA) were computed to evaluate toddlers’ preferences, with
toddler’s choice serving as response variable; product, order and product*order as fixed effects;
and participant as a random effect. Similarly, for Study 3, four mixed models were computed
using the Glimmix procedure in SAS 9.4 to evaluate toddlers’ preferences, again with toddler’s
choice as response variable; product, order and product*order as fixed effects; and participant
as a random effect. All analyses were conducted using an alpha of 0.05 as a significance level.

Results
Study 1 results

To evaluate toddler’s selections of the small versus large capsule in the Study 1 laboratory
forced-choice test, a conditional logit model with Likelihood Ratio (LR) chi-square test was
computed. The model includes toddler’s choice as the response variable, capsule size and cap-
sule position as fixed factors, and choice set and participant as conditional grouping variables.
All 936 choices were included in the model. As shown in Table 1, the small capsule was chosen
49.8% of the time while the large capsule was chosen 50.2% of the time. The LR chi-square test
indicated the two capsule sizes were chosen with similar frequency (x*(1) = 0.018, p=0.89).
The confidence interval for the selection of both capsule sizes included 50% and was smaller
than (44%, 56%), indicating the probability of choosing the small size capsule and the probabil-
ity of choosing the large size capsule are equivalent.

Given this result, a conditional logit model was computed to determine whether laundry
capsule position influenced toddlers’ selections rather than size. The LR chi-square value indi-
cated that there was a statistically significant preference for toddlers to select capsules in Posi-
tion 2 (centre right from child’s perspective; 42.2% of selections) more often than capsules in
the other three positions. Toddlers also chose capsules in Position 4 (far left; 11.9% of

Table 1. Study 1: Probability of toddler choosing small versus large capsule (N = 156 toddler; n = 936 selections).

Capsule Size Frequency of Selection Standard Error p-value 95% Confidence Interval
Small 49.8% 1.7% 0.89 (46.5%, 53.1%)
Large 50.2% (46.9%, 53.5%)

https://doi.org/10.1371/journal.pone.0244481.t001
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Table 2. Study 1: Probability of toddler picking capsule in each position on table (N = 156 children; n = 936 selections).

Capsule Position Frequency of Selection Standard Error 95% Confidence Interval
1 -Far Right 22.3% 1.8% (19.1%, 25.9%)
2 -Centre Right 42.2% 2.1% (38.2%, 46.3%)
3 -Centre Left 23.6% 1.8% (20.3%, 27.3%)
4 -Far Left 11.9% 1.4% (9.5%, 14.8%)

Note. The p-value for overall comparison is <0.0001. Capsule positions are expressed from the child’s perspective.

https://doi.org/10.1371/journal.pone.0244481.t1002

selections) less often than capsules in the other three positions. These differences were statisti-
cally significant (x*(3) = 175.56, p < .0001; See Table 2).

Study 2 results

To evaluate toddlers’ preferences in Study 2, we conducted 12 mixed models with the Glimmix
procedure. Toddler’s choice served as the response variable; product, order and product*order
as fixed effects; and participant as a random effect. As shown in Table 3, we considered first,
second and third choice selections of the loose capsule, the open container of capsules, and the
combination of either the loose capsule or the open container of capsules. We also considered
any selection of the capsules in the first, second or third choice selection. Across the 12 mixed
models, most confidence intervals for the difference between choosing the small and large cap-
sule were within (-6, 6), indicating equivalence in probability to choose the small or the large
capsule. In fact, just one statistically significant main effect for product emerged ata p < .05
level (recall that by chance, Type I error rates would lead us to expect one statistically signifi-
cant result for every 20 analyses conducted); that significant result indicated a preference for
toddlers to select the small loose capsule (18% of selections) more often than the large loose
capsule (13% of selections) for any of their three choices (Wald x*(1) = 5.5, p =0.019; See
Table 3). There also was just one statistically significant main effect for order across the 12
models, and no product*order effects, so we concluded order of presentation did not influence
toddler’s decisions.

Study 3 results

To evaluate toddlers’ preferences in Study 3, we conducted four mixed models with the Glim-
mix procedure. Toddler’s choice served as the response variable; product, order and pro-
duct*order as fixed effects; and participant as a random effect. As shown in Table 4, we
considered first, second and third choice selections of the loose capsule. We also considered
any selection of the capsule in the first, second or third choice selection. Across the four mixed

Table 3. Study 2: Percentage of toddlers choosing the container displaying the capsules, the loose capsule from inside the open container, and the sum of the con-
tainer or the capsule in the first three items chosen, separated by capsule size (N = 156).

Open Container Capsule Open Container or Capsule
Capsule Size Small % (SE) Large % (SE) 95% CI Small % (SE) | Large % (SE) 95% CI Small % (SE) Large % (SE) 95% CI
1* Choice 3(1.4) 3(1.2) (-3.5,2.7) 6(2.1) 4(1.5) (-0.8,5.7) 9(2.4) 6(2.1) (-1.5,7.7)
2" Choice 1(0.9) 1(0.9) (-2.5,2.5) 7(2.1) 6(2.0) (-3.8,5.3) 8(2.2) 8(2.1) (-4.2,5.5)
3" Choice 4(1.7) 5(1.8) (-4.8,3.7) 4(1.7) 3(1.3) (-14,5.2) 9(2.3) 8(2.1) (-4.0, 6.6)
Sum of Choices 8(2.2) 9(2.4) (-5.0,4.4) 18(3.1) 13(2.7) (0.9, 10.3)* 27(3.6) 22(3.4) (-1.6,10.8)

* p < 0.05.

https://doi.org/10.1371/journal.pone.0244481.t003
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Table 4. Study 3: Percentage of toddlers choosing the loose capsule, separated by capsule size (N = 156).

Capsule
Capsule Size Small % (SE) Large % (SE) 95% CI
1*t Choice 3.8(1.5) 4.4(1.7) (-3.4,2.2)
2" Choice 5.7(1.9) 5.5(1.9) (-4.8,5.4)
34 Choice 8.3(2.2) 8.6(2.3) (-5.9,5.2)
Sum of Choices 18(3.1) 19.2(3.2) (-7.4,4.9)

https://doi.org/10.1371/journal.pone.0244481.1004

models, there were no statistically significant main effects at a p < .05 level for product choice.
There also were no statistically significant effects for order or product*order in any of the mod-
els. We thus concluded neither capsule size nor order of presentation influenced toddler’s
decisions.

Discussion

This research examined the impact of the size of laundry detergent capsules on toddler’s desire
to interact with them. The general pattern of results suggests toddlers do not demonstrate a
strong preference to interact with smaller or with larger capsules; across all studies and trials,
we found a consistent pattern of no differences in their preferences or selections.

Previous research on child poisoning risk suggests young children interact with different
household products at different rates, depending on factors such as the shape, labelling, and
transparency of those products and the containers holding them [17-22]. Research focused on
laundry detergent capsules in an ecologically valid setting similar to that used in the present
study offers indication that toddlers do not show preference in grasping choice between an
assortment of coloured and multi-coloured capsules [25].

The largely null results in the present study suggest the size of laundry capsules is unlikely
to play a major role in child poisoning risk. Grasping of objects is a kinematic skill that devel-
ops through at least the first decade of life [30], and available evidence suggests children may
prefer to grip objects that are well within their grasping ability. Research with 5- to 12-month
infants, for example, found that babies preferred to reach for and handle smaller objects,
which may fit in their hands more easily [33]. Research with older children supports this possi-
bility also, as 7- and 8-year-olds perform better catching smaller rather than larger rubber balls
[34]. In both those studies, however, objects ranged substantially in size. In our current study,
both sizes of laundry capsules were well within the grasping ability of all children studied, cre-
ating a situation where children appeared to show no preference to grasp one size over the
other. We also detected no consistent gender or age differences among our sample.

More broadly, the literature on child poisoning incidents indicates a wide range of factors
contribute to individual paediatric poisoning incidents. These factors include Bronfenbrenner
microsystem influences such as parent supervision and household product storage habits,
macrosystem influences such as cultural factors and industry decisions about packaging and,
the present focus, child factors to touch and mouth products that are unknown by the child to
be dangerous [35-38]. From an ecological theory perspective, the present results offer guid-
ance for prevention through multiple pathways, and at multiple levels of the ecological frame-
work. From a parenting (microsystem) perspective, the results reinforce the need to store
laundry capsules and other dangerous products safely and out of reach from children. From a
policy (macrosystem) perspective, they reinforce the need for regulations in all jurisdictions to
market laundry capsules in packaging that deters children from gaining access.
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From an industry (macrosystem) perspective, laundry detergent manufacturers follow gov-
ernment regulations to market laundry capsules in packaging that include child-resistant or
child-impeding fasteners designed to restrict or slow children’s access to the dangerous prod-
ucts inside. There is good evidence on the efficacy of such fasteners [39-42]. Second, manufac-
turers recommend to consumers that they store capsules in the original packaging, and out of
reach of toddlers. Terms like “closed, up and away” [43] are reinforced frequently to consum-
ers, both by the detergent industry [44] and by partners such as the US Centers for Disease
Control [45] and non-profit entities like Safe Kids Worldwide [46].

Despite existing prevention efforts, available evidence from case studies suggests that unin-
tentional poisoning incidents occur when children access capsules either in packs that are left
open or when capsules are left outside the original packaging in places accessible to toddlers
[23]. This may be because parents and other adults misunderstand or underestimate the poten-
tial risks present from laundry detergent capsules [13-16]. The present research suggests cap-
sule size may not impact children’s interaction with capsules that are left in a location they can
obtain it; previous research suggests capsule colour also plays no significant role in children’s
attention to and interaction with capsules [25]. Continued research is needed to investigate
whether different types or styles of capsules may improve child safety, or whether prevention
efforts are best directed toward alternative strategies.

One secondary result of interest emerged from our research. Results from Study 1 suggested
there may be some impact of toddler interaction with dangerous household items like laundry
capsules based on the placement of those items. Results from Study 2 and Study 3 support this
finding, as many children in those studies chose not to handle the laundry capsules, which
were fully visible to all children but located in the back of the cabinet. In fact, post-hoc analyses
revealed that children showed a greater tendency to handle items close to the front of the cabi-
net (e.g., the sponge was handled between 47-61% of the time depending on condition and
study). This finding is not entirely surprising—one might expect toddlers to choose to handle
the objects closest to them, and closest to their dominant (usually right) hand-but we recom-
mend further research designed specifically to test these effects. If the results are replicated,
they may have implications to suggest parents should store hazardous products such as laun-
dry capsules in less prominent areas of their storage cabinets. They also suggest product loca-
tion may be a more prominent risk for child poisoning incidents than product size, colour or
appearance.

Like all research, our studies had limitations. The structured forced choice situation in
Study 1 offered the advantage of a forced choice of one size capsule or the other but may have
created a situation where children behaved different from the way they would behave in a real-
world environment. Studies 2 and 3 overcame that limitation to some extent by introducing a
more ecologically valid scenario, but they were still conducted outside the child’s own home
and with a simulated laundry cabinet situation. We also limited our sample to children in the
highest-risk age group based on epidemiological data, but future research might consider risk
among younger and older children. Finally, our sample was collected from multiple geo-
graphic regions, all within one province of Spain. One might expect reasonable generalizability
of the child development aspects of what we studied, but geographic generalizability is
unknown.

Conclusion

The findings from Studies 1, 2 and 3 consistently failed to demonstrate statistical differences in
levels of toddler interaction measured by grasping preferences between the small and large size
capsules. This was the case for Study 1, which was designed to create exaggerated conditions
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where the different capsules were chosen side by side in a forced-choice scenario, as well as for
Studies 2 and 3, which were designed to more realistically mimic potential situations in the
home where a capsule had been left accessible to a toddler. We conclude that the difference in
size studied in this research, representing small and large size capsules, is not expected to
impact toddler interaction rates with dangerous laundry detergent capsules in the home.
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